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Table 1-1
THE DEACON'S MASTERPIECE:

Or the Wonderful 'One-Hoss-Shay.'*
A Logfcal Story

Have you heard of the wonderful one-hoss-shay,
That was built in such a logical way

It ran a hundred years to a day,

And the, of a sudden - ah, but stay,

I'17 tell you what happened without delay,

At age one hundred years to the day

There are traces of age in a one-hoss-shay
A general flavor of mild decay

But nothing local, as one may say.

There couldn't be, - for the Deacon's art
Had made it so like in very part

That there wasn't a chance for one to start.
And yet, as a whole, it is past a doudbt

In another hour it will be worn out!

This morning the parson takes a drive.
A1l at once the horse stood still,
Close by the meet'n'-house on the hill.
-First a shiver, and then a thrill,
Then something decidedly 1ike a spill,-
And the parson was sftting upon a rock,

j -What do you think the parson found,
When he got up and stared around?
The poor old chaise in a heap or mound,
You see, of course, if you're not a dunce,
‘ How it went to pieces at once,-

A1l at once, and nothing first,-
Just as bubbles do when they burst,

*Exerpts from a poem by Oliver Wendell Holmes, in "The Autocrat of the Breakfast
Table,” pp. 252-256, The Riverside Press, Cambridge, Mass. (1895) relating to
“Structural design for relfability.”
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Table 1-2 N

Interaction Matrix Between Molecular Property and Mechanical Requirement;
3 = Strong Interaction, 2 = Medium, 1 = Negligible, - = Unknown,
L - Sum of Interactions

| Mechanical Requirement
| . Molecular Property T9 e T n Eg b
; Volume Fraction
. Plasticizer 3 3 3 1 1 11
Volume Fraction Filler 2 3 2 3 1 11
Degree of Crystallinity 1 3 3 3 1 11
Molecular Weight 3 3 1 1 9 i
Crosslink Density 1 3 1 2 1 8 3
i Chain Stiffness 3 1 0 2 1 7
: Monomeric Friction
Coefficient 3 1 3 0 0 7 |
\ Heterogeneity Index 2 1 2 1 1 7
Entanglement Molecular Wt 1 3 1 1 1 7
’ Solubility Parameter 3 1 0 0 2 6
L 22 22 16 14 10

= glass temp; Modulus (E) vs time (t) = E(t) = E, + [Eq - E,) [1 + t/1 )"
wﬂe = elastomeric modulus, E, = glass modulus. Ty = 1ass to rubber

9 0
reiaxat?on time, n = exponent.

2
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Table 1-3
Nomenclature for Polymer Rel{ability Relatfons
Symbol Meaning
Tg, Reference glass transition defined by monomer composition.
A8 Summation of molecular molar cohesion.
zh Summation of molecular degrees of freedom.
C(t) Time scale correction factor C(t) = 25°C.
; Tg Nominal Tg as affected by mechanical (tensile) stress o,
i moisture concentration Cuzo, and U.V. radiation effects
on polymer reciprocal molecular weight (H'l. number
average.
ar Time shift factor for rheological response.
T Test temperature.
M; Time dependent modulus.
, Mo Glass (solid) state modulus.
' M. Rubbery state modulus.
‘ t,n Test time and exponent.
.3 Relaxation time for glass to rubber transition.
T Terminal time for rubber to flow transition.
\
|
Ry Rel{abflity (= survival probability}.
R. Resfdual reliabflfty at infinite time.
T, Relaxation time for Weibull fatlure process.
- 9 Stress (tensfle) for Weibull failure process.
’ € Strain (tensile) for Weibull failure process.
m(t), m(o), m(c) Weibull distribution shape factors for time (t), stress
(), and strain (c) dominated failure.

3
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Table 1-4 7
Weibull Strength Distributions
Strength J
Distribution
! Composite Po)ymer Test R = exp -(ob/oo)'(°)
EPON 828/CTBN o
% CTBN T(°C) Tensile (kglem) o)
0 =150 N =15 812 7.64
17 -150 14 679 9.78
50 =150 14 1274 15.5
0 100 15 95.6 6.82
17 100 15 42.1 8.33
\ 50 100 15 26.6 5.44
Unfaxfal Graphite/Epoxy Interlaminar
Herc. AS/3501-5 Shear oo(Kg/cmz)
23°C air + 232°C spike N =18 1054
| 100°C water + 232°C spike 16 601
: Metal-Adhesive Joint Single
- poxy Lap 2
SET (hr) BET (hr) Shear aolKg/ome;
9 0 0 N = 12 232
0 165, 449 12 184
* 0 808, 1023 12 165
21 0 12 208
20 669, 983 12 160
T1-6A1-4Y-HT424 Epoxy
SET (hr) BET (hr) oq(Kg/cm?)
0 0 N =12 270
0 (670, 1016) 12 182
21 0 12 272
21 (591, 997) 12 202

SET = surface exposure time
. BET = bond exposure time at 54°C and 195% relative humidity.

4
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Table 1-5

Co-reactants for Three-Dimens{onal Epoxy-Nitrile
Rubber Block Copolymers

1.

Epoxy: DGEBA (Epon 828, Shell Chemical Company), 100 pbw (parts by
weight), M, = 380 gm/mole.

0

0 e
/7 \ '3
HoC - CH - ey - 0 <O)~ ¢ <O)- 0-CH, - CH - CH,
cH
3

Catalyst: Piperidine - 5 pbw

Carboxy terminated nitrile rubber (HYCAR CTBN, B.F. Goodrich Chemical
Company) - 0, 17, 29, 39, 503 by weight based on 100 pbw Epoxy + 5 pbw
piperidine.

| 10
CN

HOOC — [(CH2 - CH =CH - CNZ)S——(CM2 - CH)] —COO0H

M, = 3300 - 3500 gm/mole

Mix 1tems (1), (2), (3), above, degas, and cure for 16 hours at 120°C
under dry Nj.

5
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Table 1-6
Chemical Characterization of Graphite-Epoxy Prepreg Materials
Reference
This Study System
1) Epoxy Marix Nercules Fiberite NARMCO
} 3501-5 934 5208
2) Graphite Fiber Hercules U. Carbide U. Carbide
Type AS 1300 1300
3) % Total DDS Curative
by IR Spectroscopy 29.2 27.8 22,1
4) % Free DDS Curative
oy Liquid Chromatography 18.1 14.5 17.8
5) Epoxide Equivalent 205 227 173
6) Wt% BF5 Type Boron 0.047 0.022 0.0005
7) Relative Degree of Cure
by Liquid Chromatography 22 27 6.9
8) Heat of Polymerization
! by DSC (cal/g polymer) 107 107 140

6
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Table 1-7
Metal Joint Reliability Studies

1. Metal Adherends: Unclad 2024-T3 aluminum alloy surface treated
by standard FPL sulfuric chromate etch and T8-6A1-4y titanium
alloy treated by standard phosphate fluoride cleaning process.
Coupon size 0.063 in. thick, 1 in. wide, and 4 in. long.

2. Adhesive: HT 424 epoxy-phenolic fiim adhesive (from American
Tyanamid) with glass fiber carrier and standard weight 0.0135 #
0.005 1b/sq. ft. Unfilled HT 424 primer with parts A and B used
with adhestive.

3. Bonding Process: Treated metal coupons spray primed with 0.001 in.
thickness HY 424 primer solution using clean dry argon carrier gas.
Primer layers dried 30 min ambient 23°C and 60 min at 66°C. An
adhesive film s placed in the 1.000 in. x 0.500 1n. overlap between
two meal adherends. Six such joints are aligned in a bonding jig
with the glass carrfer acting to provide constant glue 1ine thick-
ness 0.008 in. Cure cycles with 60 min temperature rise to 171°C
and 60 min cure cycle at 171° followed by cooling to room
temperature.

4. Tensile Lap Shear Testing: 1.5 in. x 1.0 in. x 0.063 {in. alumi-
H num alignment shims bonded to eliminate offset. Tests at 23°C

using 0.01 in./min Instron crosshead rate and 4.5 in. jaw
separation.

7
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Table 2-1

Detailed Listing of Characterization Methods
(Sheet 1 of 4)

4.

5.

Chemical Quality Assurance

1.
20

U bW

Pro

HPLC (high performance 1iquid chromatography)
GC/MS (gas chromatography/mass spectroscopy)
FTIR (Fourfer transform infrared spectroscopy)
NMR (nuclear magnetic resonance spectroscopy)
Elemental Analysis

Surface Analysis

cessability Testing

1.

NaWwN

DSC (differential scanning calorimetry)
TMA (thermal mechanical analysis)

DMA (dynamic mechanical analysis)

TGA (thermal gravimetric analysis)

SEA (surface energy analysis)

Cure Monitoring and Management

PRV S N g

Non

Temperature/Pressure/Vacuum
AC Dielectrometry

DC Conductivity

Acoustic Emission

-destructive Evaluation

Sur

1.
2.
3.
‘.

US (ultrasonic) immersion C-scan reflector plate
US fmmersion C-scan through transmission
US contact through transmission

US contact pulse-echo

Fokker bond tester

210 sonic bond tester

Sondicator

Harmonic bond tester

Neutron radiography

Low KV x-ray

Coin tap test

Acoustic emission

Thermography

face NDE

Ellipsometry

Surface Potential Difference (SPD)
Photoelectron Emission (PEE)
Surface Remission Photometry (SRP)

9
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Tadle 2-1 d
(Sheet 2 of &)
6. Performance and Proof Testing
“ ) The following presents & Visting of the properties of plastics
| ! reported in this book, the ASTM test numbers and the
! equivalent DIN test:
ASTM-DIN Test Equivalents
Units of Measure Test
English Metric S1 AST™M DIN
Processing
1. Processing Methods °F °c
2. Comp'n Molding Temp *F °c
3. Inject Stock Melt Temp *F *c
4, Extrusion Temp °F °C
5. Bulk Factor D1895 D[53466)
6. Linear Mold Shrinkage in./1n. D955  D[53464)
7. Melt Flow g/lo win 01238 0{53735)
J 8. Melting Point *r}
: 9. Density b/t g/g- :g/u3 0792  0[53479)
10. Specific Volume 1n. /w /9 /mg | 0792  D[53479)
L
Mechanical Properties
11. Tensile Str. yleld 1o§1b/1n.? xo?kg/ wa 0638
. 12. Tensile Str. Break 1oz1b/1n.2 ng/cm2 NPa 0638 oEsuss%
13. Tenstle Str. low temp x031u/1n.2 1ozug/u wa D638  D[53455
14. Tensile Str. high temp 1031b/1n.2 102kg/cw? NP2 D638  D[53455) 'W
! 15. Elongation %, yleld 0638  D[53455)
i 16. Elongation %, break 5 0638 D[53455
17. Tensile Modulus 10310111..3 104k g/ cm2 tPa 0638  D[53457
18. Flexural Str. yleld 1051b/1n.2 102kg/cn2 wPa 0790  D[53452
19. Flexurs) Modulus mswun.? ng/cnz GPa 0790 0[53457
20. Stiffness in Flex. 1051b/4n.2 kg/c-Z GPa 0747
21. Compressive Str. 1o3w/m 2 kg/cnz wPa D695  D(53454)
22. 1lz0d. notched R.T, ft 1b/in. Kg cn/cm kJ/m
23. 1z0d. Yow temp ft 1d/1in. Kg om/cm kJ/m
24. Hardness {test)

10
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Tadble 2-1
ASTM-DIN Test Equivalents
{Sheet 3 of &)
Units of Measure Test
i English Metric st ASTM DIN
Thermal Properties
25. Thermal Conductivity BTU tn./hr €22 °F 1074 cal/sec o | wkm | C177  os2612)
*C/em
26. Specific Neat BT in./br 122 calfg’c xJ/kg K| €351
27. Linear Therm. Expan 10° 1n./{n.°F 1077 mm/mm X D696 D[S52328)
28. VYicat Soft Point F °c D1525 D[53460)
29. Brittle Temp °F °c D746
30. Continuous Svc Temp 2 °F °c
31, Def) Temp 264 1b/in.°, .18.5 lg/cnz 3.01 we D648  D[53461)
F [
32. Def! Temp 66 1b/in.2, 4.6 kg/cnl 0.45 WPa 0648  0[53461]
°F °c
33. U.L. Temp Index °C/mm
' Electrical Properties
34. Volume Resfstivity Ohm om 0257 D[53482)
35. Surface Resistivity Ohm D257 0[53482)
36. Insulatfon Resistance 3 Ohm D257 D[53482)
' 37. Dielectric Strength ¥/1077 in. kY /mm MY /m 0149 D[53481]
. 38. Dfelectric Constant 50-100 Nz D150  D[53483)
‘ 39. Dielectric Constant 10‘ Wz Di1S0 O 53483%
40. Dielectric Constant 10" Hz D150 D[53483
i 41. Dissipation Factor 505100 H2 D150 D[53483])
42. Dissipation Factor 10‘ Hz D150 053483}
43. Dissipation Factor 10% Wz D150 D(53483]
Optical Properties
44. Refractive Index, Sodium D D542  D{53491)
45. Clarity
Environmental Properties
46. VMater Absorp. %, 24 hr 0570 0[53473)
47. Equi). Nater Content % D570 D[53473]

11
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Table 2-1
(Sheet 4 of 4)

Durability Analysis and Service Life Preaiction
{Some Current Programs)

1. U.S. Army Composite Materials Research Program
(AMMRC) .

2. AFML, “"Processing Science of Epoxy Resin Com-
posites, Contract No. F33615-80-C-5021.

3. AFML/ARPA, “"Quantitative NDE, Contract No.
F33615-74-C-5180.

4. AFML, "Integrated Methodology for Adhesive Bonded
Joint Life Predictions,” Contract No.
F-33615-79-C-5088,

12
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Table 2-3
Detafled Listing of Characterized Properties

1. Chemical Quality Assurance

1. Chemical composition

. Degree of cure

Molecular weight distribution
Number average molecular weight
Weight average molecular weight
Entangiement molecular weight

N WN
e s » o

2. Processability

1. Gel point

2. Gel faction

Crosslink molecular weight
Glass temperat .re

Melt (flow) temperature
Dynamic storage modulus
Dynamic Toss modulus

~NOVY W
e s o o o

3. Cure Monitoring

1. Temperature/pressure/vacuum
2. Dynamic dielectric constant
3. Dielectric loss factor

4, DC conductivity

4, Nondestructive Evaluation

3 1. Internal stress distributions
2. Damage zone size
3. Crack growth rate

5. Performance and Proof Testing

1. Stress and environment dependent Tg
2. Stress and environment dependent T
3. Isotherma) stress-strain-time-response
4, Strength distribution
5. Extensibility distribution
6. Fracture energy distribution
- 6. Combined Bonding and Failure Testing

1. Surface energy

2. Surface chemistry
3. Surface morphology
4. Surface roughness

|
F
L
i
]
F
|
l
:
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Table 2-4
Classification of Chromatographic Methods

I. Gas Chromatography (GC)

Gas liquid (GLC)
Gas solid (GSC)

I1. High Performance Liquid Chromatography (HPLC)

A. Planar Chronato?raphy
Thin layer (TLC
Paper (PC)

B. Column Chromatography
Exclusion (EC)

gel Permeation {GPC)

Gel filtration (GFC)
Liquid-solid or adsorption (LSC)
Liquid-1iquid or partition (LLC)
Bonded phase (BPC)

Ion exchange (IEC) 1

From: H.M. McNair, American Laboratory, May 1980, pp. 33-44.
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Decision Matrix of Surface Characterization Methods for

Table 2-5

SC5291.7FR

Reinforcing Fiber Coatings (35 to 70 nm thickness)

4 = Excellent
3 = Acceptable g € .
2 -Harginﬂ :," :-; :-'; . ‘—é
1 = Unacceptable ,:_ ‘é ‘E s § §, & @
0 = No Information % - &wv < = E -
E SFE 5. %8 5%
(= . S¢E S>> e Y e 8ea
e 2 g ofF O 5 & at R
e 2 ug UE - &c ow
hat (8] ~ ® O | 9 "W X o X
5 2f° fr £ 2LgY Ave.
S £ 3% F5 - & £ <£
Surface Energy Analysis 3 4 3 4 4 2 1 1 2.75
Scanning Elect. Mic. + EDAX 4 1 1 4 4 1 4 1 2.5
Electron Spect. for Chem. Anal. § & 4 1 1 1 1 1 2.13
AS™ Adhesion Test 4§ 1 1 1 1 4 1 1 1.75
Fourier Transform IR 2 2 3 1 1 1 1 1 1.5%0
Optical Microscopy 1 1 1 1 1 1 1 1 1.0
Secondary lon Mass Spec. 1 1 1 1 1 1 1 1 1.0
Laser Microprobe Mass Analyser 1 1 1 1 1 1 1 1 1.0
Raman Microspectroscopy 1 1 1 1 1 1 1 1 1.0
3 ~ [-2] o« ~ ~ : [ )
- ™ O~ O~ ("3 ["-] ™
S o S - - R
16
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Table 3-1
Properties of the Elements
(Sheet 1 of 2)
Code 1 SY W 0 X s v My S
, No. G/Mole 105 J/Mole 10710
|
1 1 H 1.008 4.35 2.20 0.32 1 1 3.13
3 Ll 6.941 1.11 0.98 1.23 1 1 0.81
3 3 BE 9.012 (2.28) 1.57 0.90 2 2 2.22
4 5 8B 10.81 (2.53) 2.04 0.82 3 3 3.66
5 6 C 12.01 3.48 2.55 0.77 4 4 5.19
6 7 N 14.01 1.61 3.04 0.75 3 5 6.67
7 8 0 16.00 1.39 3.44 0.73 2 2 2.74
8 9 F 19.00 1.83 3.98 0.72 i1 1.39
9 11 NA 22.99 0.753 0.93 1.54 1 1 0.65
10 12 MG 24.31 (0.971) 1.31 1.36 2 2 1.47
1 13 AL 26.98 (2.06) 1.61 1.18 3 3 2.54
12 14 SI 28.09 1.77 1.90 1.11 4 4 3.60
13 15 P 30.97 2.15 2.19 1.06 5 5§ 4.72
14 16 S 32.06 2.13 2.58 1.02 6 6 5.88
15 17 CL 35.45 2.43 3.16 0.99 1 7 71.07
' 16 19 K 39.09 0.552 0.82 2.03 1 1 0.49
17 20 CA 40.08 (1.15) 1.00 1.74 2 2 1.15
’ 18 21 SC 44.96 (2.58) 1.36 1.44 3 3 2.08
19 22 Tl 47.90 {2.64) 1.54 1.32 4 4 3.03
20 23 v 50.94 (3.36) 1.63 1.22 5 5§ 4.10
21 24 CR 52.00 (2.38) 1.66 1.18 3 6 5.08
22 25 W 54.94 (1.43) 1.55 1.17 2 1 5.98
23 26 Ft 55.85 (2.03) 1.83 1.17 3 3 2.56
24 27 ¢o 58.93 (2.20) 1.88 1.16 2 3 2.99
25 28 NI 58.70 (2.12) 1.91 1.15 2 3 2.61
26 29 CuU 63.55 (1.72) 1.90 1.17 2 2 1.1
27 30 2 65.38 (0.653) 1.65 1.25 2 2 1.60
28 31 GA 69.72 (1.36) 1.81 1.26 3 3 2.38
29 32 6t 72.59 1.57 2.01 1.22 4 4 3.28
30 33 AS 74.92 1.34 2.18 1.20 3 § 4.17
o k)| 34 st 78.96 1.84 2.5% 1.16 4 6 5.17
o : 32 35 BR 79.90 1.93 2.96 1.14 1 7 6.14
33 37 RS 85.47 0.519 0.82 2.16 1 1 0.46
3 38 SR 87.62 (1.05) 0.95 1.91 2 2 1.05
35 39 v 88.91 (2.74) 1.22 1.62 3 3 1.85
36 40 IR 91.22 (3.45) 1.33 1.45 4 4 2.76
37 4 w8 92.91 (4.85) 1.60 1.34 s § .n

19
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Table 3-1 ’
Properties of the Elements
(Sheet 2 of 2) .
A Code Z  SY W D X B v MmS
No. G/Mole 10° J/Mole 10710 p
i
’ 38 42 W 95.94 (4.30) 2.16 1.30 6 6 4.62
39 43 TC 98.0 (3.35) 1.90 1.27 7 1 5.5
8 44 RU 101.07 (3.35) 2.20 1.25 3 8 6.40
41 45 Rd 102.91 (3.24) 2.28 1.25 3 4 3.2
42 46 PD 106.4 (1.93) 2.20 1.28 2 4 3.13
43 47 AG 107.87 (1.44) 1,93 1.38 1 1  0.75
a4 48 CD 112.41 (0.552) 1.69 1.48 2 2  1.35 |
45 49 IN 114.82 (1.18) 1.78 1,44 3 3  2.08 !
4 50 SN 118.69 1.43 1.96 1.41 4 4 2.8
47 51 S8 121.75 1.26 2.056 1.0 3 5 3.57
48 52 T 127.60 1.38 210 1.36 4 6 4.41
49 53 1 126.90 1.51 2.66 1.33 1 7 5.26
50 S5 CS 132.91 0.448 0.79 2.35 1 1 0.43
§1 56 BA 137.33 (1.12) 0.89 1,98 2 2 1.01
52 57 LA 138.91 (2.48) 1.10 1.69 3 3 1.78
§3 72 W 178.49 (4.72)  1.30 1.44 4 4 2,78
54 73 TA 180.95 (5.56) 1.50 1.3 5 5 3.73
i 55 74 W 183.85 (5.61) 2.36 1.30 6 6 4.62
_ 56 75 RE 186.21 (3.97) 1.9 1.28 7 7 547 .
57 76 0S 190.2 (3.64) 2.20 1.26 4 8 6.35
| ’ 58 77 IR 192.22 (3.48) 2.20 1.27 4 6 4.72
? 59 78 PT 195.09 (2.79) _2.28 1.30 4 4 3.08
| 60 79 AU 196.97 (1.86) 2.5 1.3& 3 3  2.24
| 61 80 HG 200.59  (0.301) 2.00 1.49 2 2 1.34
62 81 TL 204.37 (0.866) 2.04 1.48 1 3  2.03
b 63 82 PB 207.2 (0.992) 2.33 1.47 2 & 2.72
64 83 Bl 209.0 (1.03) 2.02 1.6 3 5 3.4
I 65 90 TH 232.04 (3.42) 1.30 1.65 4 & 2.42
6 92 U 238.03 (3.56) 1.38 1.82 6 6 4.22
F 67 9 PU 244.0 (2.29) 1.28 1.21 4 6 4.9
. 68 7 (N2)/2 14.01 4.73 3.0 0.5 3 5 6.6
o 69 8 (02)/2 16.00 2.01 3.4 0.62 2 2 2.74
20
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Table 3-2
Comparison of Single Bond Energies
' ) Single Bond Energy (kcal/mol)
; Element Group Ref. 2 Eq. (2) Ratio
| ! (C.N.=12)
Lithium 1A 25.6 6.3 4.06
Sod{um 1A 18 4.3 4.19
Potassium 1A 13.2 3.3 4,00
Rubidium 1A 12.4 3.4 3.65
Cesfum 1A 10.7 3.0 3.57
3.89 + 0.27
Boron 1118 25.0 15.1 1.66
Germanium 1v8 37.6 13.2 2.85
Arsenic VB 32.1 9.5 3.38
Tin 1v8 34.2 11.4 3.00
‘ Antimony V8 30.2 10.6 2.85
' 2.75 + 0.65
Table 3-3
Lattice Types and Packing Factors
Lattice Type Coordination Packin
Number Factor ?C)
Face centered cubic 12 1.414
- Body centered cubic 8 1.299
t ‘i Simple cubic 6 1.000
E Tetrahedra) 4 0.650
:
i
| 21
CA4659A/ Jbs




Table 3-4

SC5291.7FR

Calculation of Heat of Formation for Be0, 1(02. and A1203

Z, SY, W, O/1E5, X, R/1E-1Q, V, PH =
4 BE 9.012 2.28 1.%7 0.9 2 7
8 0 16 1.39 3.44 0.73 2 2
To continue press ENTER

e o ———

?

Chemical Analysis:

Bonding Bond % lonic Bond Moles
Elements Energy Energy Length

A 8 (J/mole) (M*1E-10)

BE BE 228000 0 1.8 -1
{02)/2(02)/2 201000 0 1.24 -1
BE 0 520951 64.776 1.4617 2
Total 612902 0
To continue press ENTER
7, SY, W, D/1E5, X, R/1E-10, V, PH =

22 T1 47.0 2.64 1.54 1.32 4 7

8 0 16 1.39 3.44 0.73 2 2

To continue press ENTER

?

Chemical Analysis:

Bonding Bond % lonic Bond Moles
Elements Energy Energy Length

A B (J/mole) (M*1E-10)
TI T1 264000 0 2.64 -2
(02)/2(02)/2 201000 0 1.24 -2
T1 0 549865 63.3547 1.879 4
Total 1.26946E+06 0
To continue press ENTER

Z, SY, M, D/1ES, X, R/1E-10, V, PH =

13 AL 26,98 2.06 1.61 1.18 3 7

8 0 16 1,39 3.44 0.73 2 2

To continue press ENTER

?

Chemical Analysis:

Bonding Bond % Tonic Bond Moles
Elements Energy Energy Length

A B (J/mole) (M*1E-10)

AL AL 206000 0 2.36 ~3
(02)/2(02) /2 201000 0 1.24 -3
AL 0 495669 65.1986 1.7453 6
Total 1.75301E+06 0
To continue press ENTER

? -
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Table 3-5
Comparison of Calculated and Experimental Heats of
Formation for Oxides
! : Compound -AHg(calc.) -AHE (Ref. 7) Difference
‘ (10° J/mole)  (10° J/mole)  (10° J/mole)
‘ AY,0, 17.5 16.3 1.20
Ti0, 12.7 9.11 3.59
! Mg0 8.13 5.20 2.93
; SiOz 7.91 8.56 -0.65
; Bed 6.13 6.10 0.03
é MoO, 5.08 5.43 -0.35
| WO, 3.26 5.70 -2.44
| Auy0s 2.83 -0.80 3.63
Se0, 1.82 2.29 -0.47
Sum: 0.94
Std. Dev: ¢ 2.04

23
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Table 3-6

Comparfson of Calculated and Experimental Heats of
Formation for Chlorides {

Compound -aHg(calc.) -AHE (Ref. 7) Difference i
(10° J/mole) |
AICY, 6.95 6.95 0.0 |
FeCly 5.12 4.05 1.07 ?
Ticl, 10.1 7.50 2.60
MgC1 3.30 6.41 -3.11
$iC1, 6.12 6.10 0.02
BeCl, 4.87 5.11 -0.24
MoC1, 3.86 3.30 0.56
AuC; 1.11 1.18 -0.07
Sum: 0.10
Std. Dev: ¢ 1.60
!
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Table 3-7

I Calculation of the Oxidation Dilatfon Factor ¢ for Metals
‘ Calculated (for Z = 12) Exper. (7,8) 1
{ Oxide V(Me) V(Me0,) ¢ V(MeO, ) ¢ |
| (cc) (cC) (cC)
| Ky0 57.02 20.55 0.36 40.6 0.45

Ba0 26.45 13.00 0.49 26.8 0.67

MgO 8.57 6.34 0.74 11.3 0.81

A1,0, 11.19 11.32 1.01 25.7 1.28
‘ Ti0, 7.84 8.48 1.08 18.7 1.78
| Fe,04 10.92 11.52 1.05 30.5 2.14

Ta,05 16.40 20.31 1.24 53.9 2.50
! Nb,05 16.40 20.60 1.26 59.5 2.68

MO, 7.49 11.96 1.60 30.7 3.30

WO, 7.49 12.30 1.64 32.4 3.35

molecular volume of metal compound MeXx

3 ¢ atomic voTume of equal moTes of metal Me
Table 3-8
Correlation Between Metal Oxidation State
and IEPS
Oxide 1EPS Range Acid-Base
(pH Units) Character
M0 pH > 11.5 strong base
MO 8.5 < pH < 12.5 intermedfiate base
M,0, 6.5 < pH < 10.4 weak base
M0, 0 <pH < 7.5 intermediate acid
M,05, MO5 pH < 0.5 strong acid
25
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Table 3-9
Coulomb Bond Energies Between Water and Various Oxides
[ |
H H 0
1 IR \
(Ag,0) Ag 0 Ag O Ag 0 Ag 0O Ag 0 Ag b Ag 0
H H 0
\9/ ,:/ Ny
(Cud) O Cu O Cu 0 Cu O Cu O Cu 8 Cu O Cu
H H 0
\?/ ?/ \,li
(Fe,03) O Fe 0 Fe 0 Fe O Fe 0 Fe O Fe 0 Fe
H H 0 1
J 1 !
(5102) 0 $4 0 si 0 Si 0 Si 0 Si 0 si O si
- ; 7
i -+ !
(Cr04) 0 Cr OCr 0O Cr OCr O Cr O Cr O Cr
Adsorbate:H,0 Monobacic Diacid
Substrate Oxide Un(kJ/mole) Uy Uy Uy
Ag,0 11.8 2.4 46.5 9.6
Cu0 25.7 5.2 46.5 9.5
Fe,0,4 38.5 7.1 46.5 9.3
510, §3.0 10.6 46.5 9.3
Cro, 76.6 16.2 46.5 9.2
26
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Table 3-10
Coulomb Bond Energies Between Ammonia and Various Oxides

H H
Ho| H N
\'j/ W’ N\ i
[]
| (Agp0) 0 Ag 0 Ag 0 Ag 0 Ag 0 Ag 0 Ag O Ag O
|
T H
H H N
\N/ |:|/ \H
] 1
(Cud) 0 Cu O Cu O Cu O Cu O Cu O Cu 0 Cu O
FII H
H H N
' [
(Fe03) O Fé O Fe O Fe O Fe O Fe O Fe O Fe O
H H
ne | om N
L
[] ] .
, (Si0,) 0 Si 0 Si 0 Si 0 Si 0 si 0 Si 0 Si 0
T H
H H N
Ny H/'\h4
(Cr03) 0 Cr O Cr O Cr 0 Cr O Cr O Cr 0 Cr O
Adsorbate:NH3 Monobacic Diacid
Substrate Oxide Uy(kJ/mole) Uy U UM
B Ag,0 17.5 2.0 46,5 9.6
. Cu0 38.1 4.3 46.5 9.5
Fe,0, 57.2 6.4 46.5 9.3
510, 78.7 8.8 46.5 9.3
Cro, 113.8 13.4 46.5 9.2

27
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Table 3-11
Coulomb Bond Energies Between Chromium Trioxide and Varifous Oxides
{
0 0
Cra VN
07 o N4
i .L ]
(Ag0) 0 A3 O Ag O Ag O Ag O Ag O Ag 0 Ag O
0 0
tra o 0
07" o Ner?
+—1 :
(Cub) O Cu O Cu 0 Cu O Cu O Cu O Cu 0 Cu O Cu
0
Cr 0 0
94 A \\'c:r¢
i
(Fe,03) 0 Fe 0 fe 0 Fe O Fe O Fe O Fe O Fe O Fe
0 0
Cr o o {
. 0? o Ncr?
| L L
($i0,) 0 Si 0 Si 0 Si O Si O Si 0 Fe O Fe O Fe
0 0
cr 0 0
0?7 o I
! 1 :
(Cro3) O CF 0 Cr 0 Cr O Cr 0 Cr O Cr O Cr O Cr
Adsorbate:Cr03 Dibasic
. Substrate Oxide Un(kJ/mole) Uy
' Ag,0 24.9 8.8
Cu0 40.9 14.2
F9203 81.7 28.0
510, 112.8 38.6
Cro, 162.7 58.5
;
. 28
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Table 3-12
Coulomb Bond Energies Between R-CH, Si(OH)y and Various Oxides
RCH, —— _OH RCHp —. ,OH
. e SI__H 0~-siZ0
0 0 H M
[] [} 1 ]
] ] [
(ARg0) 0 Ag O Ag O Ag O Ag O Ag O Ag O Ag O Ag ©
H St M 0-5i<0
0 N0/ H H
] ] __% :
(Cu0) 0 Cu 0 Cu O Cu O Cu O Cu O Cu O Cu 0 Cu O
RCH, —— _OH RCHy — DM
| 2y sl 2752612 '
0 0 H H
A L [} ]
(Fe)03) 0 Fe O Fe O Fe O Fe O Fe O Fe O Fe O Fe 0O
RCHy — . OH RCH, — OH
W SiZ 0-5iZ0
0~ o M H
| : 1 ! L
($40,) 0 Si 0 Si 0 Si 0 Si 0 si 0 si 0 si ¢ st 0
RCH, ——_ . OH RCH oM
? % st M 2 0-5i%0
7 o H H
. § [ []
(Cro3) 0 Cr 0 Cr 0 Cr O Cr O Cr 0 Cr G Cr O Cr O
Adsorbate:Rgi(0H,) Didbastic Dfacid
. Substrate Oxfide Uy(kd/mole) Uy Uy Uy
Cu0 51.4 14.6 45.6 16.1
Fey04 77.0 21.8 45.6 15.9
510, 106.0 30.0 45.6 15.9
Cro, 153.2 45.6 45.6 16.7
29
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Table 3-13
Bond Properties for Adsorbates and Substrate Oxides

Bond Dag 3 Lag u Ra Rg

+ - - (k)/mole) (debye)

H-0 435 4.1 0.94 1.54 0.32 0.73
H-N 366 18.6 0.99 0.88 0.32 0.75
Cr =0 1051 58.2 1.64 4.58 1.18 0.62
Ag -0 362 60.9 1.93 5.64 1.34 0.73
Cu-0 384 59.5 1.76 5.03 1.17 0.73
Fe - 0 421 59.4 1.76 4.56 1.17 0.73
St -0 387 59.1 1.70 4.82 1.11 0.73
Cr -0 494 61.9 1.75 5.20 1.18 0.73
Si -¢C 303 13.4 1.82 1.17 1.11 0.77

30
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Table 3-14

Comparison of Revised (Ref. 1 = X) and Pauling (Ref

.2 = Xp)

Values of Elemental Electronegativity

X-Xp
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Table 4-1
Functional Group Properties for Polymers
Uatt M@ = 5.314 J/Rogole) 0 | . ] v |} Polymer Gait
Yo. Structure Group J/en1e) (a?/uole) (kg/wole)
1 «cu2- 6. 1623 s 1 2.22-5 l.ag-2 ethylens
2 ~CE(CE))- 1.2084 11 1 4.442-3  3.82-2  propylese
3 <c((cmn2)- 1.1%4 14 1 6.082-9 L2-2 isobutyless
& ~Cu(CeBs)- 3.0124 13 1 1.11R=4 9.08-2 styrene
S <PClié- 2.3 4 S 4 O.0@&-S 1.2-2 terephthlate
6 M-Clus- 2.5084 10 3 §.862-9 7.62-2 {sophthalate
7 <C(Cm))CB- 1.1524 11 2 S..x-$ 4.02-2 isoprens .
8 -QiCa- 1.492) e 2 37005 2.62-2 1,6=butadiene !
9 CE(Cucu)- i.19%4 11 3.902-35  4.0E-2 1,2-butadiene
10 <Cu(Cenil)- 2.5624 21 1 1.482-4 9.62-2 vinyl cyclobezane
11 =CR(C(0)0CK]})- 2. 0124 23 1 ?2.5m-5% 2. Z2=-2 wasthacrylate
12 <C(CEI(C(0)OCHI)- 4.6084 26 1 9.10n-% 8.62-2 wethylsethscrylate
13 <CR(CNI)0-~ 1.3%m4 17 2 S.5-5 4. 42-2 propylese oxids
14 <C(0)0- 1.4124 12 2 3zz-5 4. 42-2 ethylene adipate
15 <CE(0c(0)Cu3)~ ). 174 2) 1 .53 7.3-2 vinyl acetste
16 =C(0)- 1.32L) ¢ 1 2.22e-5 2.82-2 ketone
17 Cu(c(0)om)- 3. 5124 20 1 5.ea2-5 S.e-2 scrylic scid
18 -Cn(om)- 2.6684 14 1 4.90E-3 3.0e-2 viayl slcohol
19 <CEH(OCE (D))~ 2.0624 20 1 S.%e-S S. -2 viayl formste
20 -0~ 6.020) [ S 1.06E-% 1.62-2 ether
2} W8 (D)~ 4. 404 13 2 3.T|™-5 4o R-2 smide
22 -MuC(0)0- 2.6324 19 3 4.092-5 5.92-2 srethace
)  CB ()~ 2.4124 8 1 s.0M-S 3.nw-2 acrylositrile
s Qu(CL)- 1.7524 8 1 4.072-3 4.852-2 wvinyl chloride
25 «C(CL)CB- 1. 2624 8 2 5.3%-3 6.05E~2 meoprene
j 6 =C((CL)2)- 1.132 8 1 5.922-3  8.302-2 visylidene chloride
7 <r2- 4. 0812) s 1 3Jim-S S.0E-2 tetrafluoroethylene
28 -On2CY2- 1.48E4 16 2 9S.702-9 6. 42-2 vinylidene fluoride
9  <ricr))- 1. 8424 13 1 e.96e-5 1.0~ perfluoropropylene
30 -81((CB))2)0- 1.7224 30 2 e.62-5 7. 48-2 disethylsilozase
31 B((C(0))2)CEM2((C(0)I2 M- 1.1085 62 7 2.012-4 2.188-1  imide
L 32 -4~ s.2683 8 1 2.56e-5 3.28-2 oulfide
3 4(0)2) 4. 5484 23 1 s.042-8 6.402-2 sulfone
rd
i
, .
]
l
|
:
:
| g 33
, ]
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Table 4-2
Sample Computations for Methacrylates (Upper Case) and
Butadiene-Styrene Copolymers (Lower Case)

Unit No. Moles Structure Unit Polyser Reference

I. Main Chain Units

1 1 -CH2- ethlyene

12 1 ~C(CH3)(C(0))CH3)- methyl methacrylate

I1. Side Chain Units

1 11 -CH2- ethylene
Glass Spec. Vol. (M*MaM/kg = 9.89634E-04 (CC/G) = 0.989634
Glass C.E.D. (J/M*M*M) = 3_,7802E+0B8 (CAL/CC) = 90.3904
Glass Temp (K) = 214.007 (C) = =-59.1928
Entang. MY (kg/mole) = 88.7177 (g/mole) = 88717.7

I. Main Chain Units

1 0.87 -CH2- ethylene

8 0.87 =CHCH- 1,4~butadiene
1 0.87 -CH2- ethylene

1 0.13 -CH2- ethylene

4 0.13 =CH(C6HS5)- styrene

Glass Spec. Vol. (M*M*M/kg) = 1,00516E-03 (CC/G) = 1.,00516
GClass C.E.D. (J/H.H.“) - 2.968932 + Q (CAL/CC) - 7009575
Glass Temp (K) = 208.462 (C) = -64.7382

—Eotang. M (kg/mole) = 2.58618 (g/mole) = 2586.18

K7
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Tadble 4-3
Comparison of Calculated and Experimental Tg (Ref 2.4)

Methacrylates vp 82 ‘l‘. LR 1" (exp)
(g/ce)  (cal/ec) ()] (kg /mole) ©)
methyl 0.829 144 107 18.2 105
ethyl 0.861 131 6) 23.1 6l
propyl 0.886 122 3 28.4 31 :
butyl 0.907 115 12 34.0 12 L
hexyl 0.938 105 -17 46.1 =19 i
octyl 0.989 90 -36 59.3 -38 i
dodecyl 0.989 90 -59 88.7 =62

Butadiene-Styrene Copolymers
Mole (B) Mole (S)

0 1 0.883 88 110 20.2 100
0.2 0.8 0.902 86 69 12.8 -
0.4 0.6 0.923 82 28 8.2 -

{ 0.61 0.39 0.954 77 -14 5.0 -12

0.64 0.36 0.959 77 -20 4.7 ~13
0.72 0.28 0.973 75 -35 3.9 ~34
0.77 0.23 0.983 74 -45 3.4 ~37
0.87 0.13 1.01 71 -64 2.6 ~51,-60
0.95 0.05 1.03 68 -80 2.0 ~71,-76
0.99 0.01 1.04 67 -88 1.8 -74
1.00 (] 1.064 67 -90 1.7 -79,-87

| -

i .
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Table 4-4
Calculated and Experimental Values of M, [
Polymer M, M, (exp)
(kg /mole) (kg /mole)
poly-n-octylmethacrylate 59.3 87
poly-n-hexylmethacrylate 46.1 33.9
polymethylmethacrylate 18.2 4.7-10.0
polystyrene 20.2 17.3-18.1
styrene~butadiene copolymer 2.6 3.0
(0.87 mole St, 0.13 mole Bd)
poly~l,4-polybutadiene 1.7 1.7-2.9
P
36
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Table 4-5
Relation of Stress-Strain Curve Number to Test Temperature
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CA659A/ §bs

Curve Tesmp Curve Temp Curve Temp
No. x) No. x) No. X)
1 180 8 285 15 390
2 195 9 300 16 405
3 210 10 315 17 420
4 225 11 330 18 435
b] 240 12 345 19 450
6 255 13 360 20 465
7 270 14 375 21 480
37
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Table 4-6 ‘
Functional Group Properties for Polymers

Structure U \J .| Reference
Group  (J/mole) B K (a/mole) (kg/mole) Polymer

-M-C6H4~ —2.58E4 - 10 3 8.86E-5 71.6E-2 isophthalate

~p-CO6R4-~ 2.38E4 4 8.86E-5 7.6E-2 terepthalate

-0~ 6.82E3 1 1.06E-5 1.6E-2 ether

~CHCH- 71.49E3 2 3.70E-5 2.6E-2 1, & butadiene

-5((0)2) 4.54E4 23 1 &4.04E-5 6. 4E-2 sulfone

38
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Computed Estimates of ATS Physical Properties from Chemical Structure

e TR T W JEE R T T

RLREY

U,R,V,M,N 173220 81

Unit Structures Polyaer
No. Moles Unit Reference
2 =M-C6H4L Isophthalate
2 =P-C6H4 Terephthalate
20 2 -0~ Ether
8 2 -CHCK- 1-4-Butadiene
i 33 1 ~S$((0)2)- Sulfone
' Class Spec. Vol (M*:*M/KC) = 7 &BOO9E-04 (CC/C) = .748009

Class C.E.O0. (J/M*M*M) = S_090S55E+08 (CAL/CC) = 121.664
Glass Temp. (K) 540.383 (C) = 267.183
Eatang. My (KG/Mole) = 3.39525 (G/MOLE) = 3395.25

4.9E-04 452 21 (Summed Values)

39
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Table 4-8
Relation of Stress-Strain Curve Number to Test Temperature at
Constant Time t = 1.0 s

[ I

Tenperature Teoperature !
Curve Curve
No. °c K No. °C K
1 ~50 223 11 200 473
2 -25 248 12 225 498
3 0 273 13 250 523
4 25 248 14 275 548
5 50 323 15 300 573
6 75 348 16 325 598
7 100 373 1?7 350 623
8 125 398 18 3715 648
9 150 423 19 400 673
10 175 448
|
40

l' CA4659A/ 3bs




‘l Rockwell International

Science Center
SC5291.7FR

Table 5-1
Properties of Commercial Reinforcing Fibers
(from Ref. 5, p. 47)

Tensile Properties
el E . W

Fiber e | e (@ D o
Graphite (UHM-S) 0.510 500 1.86 0.37 3.44
{HM-S) 0.523 360 2.34 0.65 7.60

(HT-S) 0.565 244 2.82 1.16 16.36

(A-S) 0.571 208 2.82 1.36 19.18

Boron (W-core) 0.377 386 3.41 0.88 15.00
Aramid-49 0.690 138 2.76 2.00 27.60
E-glass 0.394 72.5 3.44 4.74 81.53

4]
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Table 5-2
Estimated Elemental Properties of Carbon

HCoW MaNy CLEMENTS?
ELEMENT CODE NJ) =?
MRLES OF ELEMENT=?
NUMBER 0- CYSMITAL BOND TYRES=>
FOR A-B BINDJ, g£LEMENT A CODE nNU
CLEMENT B COGE WO =2 §

MOLES OF 3-8 BONDS=7? 4.

o -

W
-
n

LEMENTARY PPOFERTIES
, S, W, D-1€35, K. RJ1E-13. Vv PR =
5 £ 12.8. 3.42 C.S5T 27 4 5
J CONTINUE PRESS ENTER

THEMICal ANRLYSIS

2ONDING 83N WoIourT O
ZLEVENTS ENERGY EqERLY SEAGTH

A & CJ47MOLED S MErE~@
c < 248036 e 154
TOTAL 1 33zE+06

TU

CONTINUE PRESS ENTER
FHYSICAL ANaLvs(S:

ELZMENTS MOLES

C e

MOLECULA® WT. («G-M3LS)r= .8£40°
193 )%= 24 9z

SPECIF. voLJ»v Ry

(I=tg) 238 (2=25)
129342 143348 13312

TO COMTINUZ T RUN AND PRZSS ENTZ®

READY

’-
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Table 5-3
Estimated Intramolecular Properties of Silica

HOW MANY ELEMENTSY 2
ELEMENT CODE K1 =° (2
MOLES OF ELEMENT=?
ELEMENT CGDE NO =
MOLES OF ELEMENT=? 2

NUMBER OF CHEMICZAL BOND TYaE3=+ 1

FOR A-8 BOND. ELEMENT & CODE HO =7 12
TLEMENT 3 COJE NQ =2 2

ROLES OF A-8 BONDS=7 4_

9 Np -

ELEMENTARY PPOFEPTIES
<, Sy, M. D-IES, X, R’lE-lG' Y, PH
14 ST 23 89 :1.722 { 9% 1 1t

« 7
&0 16 1335 3 44 23 2 2
TO COSTINUE PRESS ENTER
CHEMICAL ANALYSIS:
BONDING BOND % 19NIC  BOND no_ES
ELEMENTS ENERGY ENERGY LENGTH
R B (J’MOLE) IMX1E~10)
g S1 ) 3863868 59 1533 1.7814 4
TOTAL 1.54744E+06 4
TO CONTINUE PRESS ENTER
FHYSICAL AMALYSIS:
CLEMENTS MOLES
<1 1
o 2
MOLECULAR WT. (KG/MOLE)= 96083
{G/MOLE>= 60 .99
SPECIFIL WOLUME (CC/G)
(2=18) (228) (2%8)
124749 113968 .148114

TO CONTINUE TYPE RUN AND PRESS ENTER
READY
Y

A ]
. - .
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Table 5-4
Estimated Intramolecular Properties of Aramid

; HOW MANY ELEMENTS?
ELEMENT CODE NO.=?
MOLES OF ELEMENTs=?
ELEMENT CODE NO =7
MO_ES OF ELEMENT=?
ELEMENT CODE NJ =?
MOLES OF ELEMENT=?
ELEMENT CODE NO.=?
) MOLES OF ELTMENT=?
NUMBER OF CHSMICAL BOND TYPESe? 2
FOR A-8 30ND. E.EMENT A CODE NO =% §
ELEMENT 3 COJE ~O =? S
MOLES NF a-8 BAnDS=? 10
FOR &4-B BIND. ELEMENT @& CODE Ni.=% &
ELZMENT 3 COO0E W40 =2 3
MO_ES 9F A-B BONDS=? 2

RN VYL Lol

1.08¢

1 H 4.35 2.2 2 1 2
€ L 1& 81 2.48 .33 .22 4 3
7 N 1487 1 81 2.04 5 3 &
82 016 1.3%9 3.45 .73 2 ¢

TO CONTINUE PRESS ENTER

CHEMICAL ANALYSIS:
i BONDING BOND % loNIC BOND MOLES
ELEMENTS ENERGY ENERGY LENGTHY
A e ¢ J7MOLED (M¥1E-10)
C c 348000 2 1 %4 19
H c . 2727670 8 34433 1 4755 2
TOTAL 4.83%534E+236 12
TO CONTINUE PRESS ENTER
4 o .
ﬁ FHYSICAL ANALYSIS:
ELZMENTS MOLES
3 H ]
. ) c . ?
Pa 3 N 1
X 0 1
2 mOLECULDR WY («B/mOLEYs 11912

{G7A0LEDN= 119 12
SPECIFIC YOLUNME <CC-G

(Z=12) - (2e3) (226) w2
1729209 .134973 . 252402 3:
;2 CONTINUE TYPE RUN AND PRZ3S ENTER
RO .

. e
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Table 5-5

Calculated Specific Bond Energy for Fibers
(Chemical energy/unit mass)

Total Spec.
Molar Bond Mol. Bond
Molar of Energy Wt. Energy
Fibers Composition Bonds (J/mol) (g/mol) (J/9
Commercial
Carbon (Cp) ) 1.39€6 24.02 5.79t4
Boron (8,) 3 7.59€E6 21.62 3.51¢t4
Aramid-49 12 4,04E6 119.1 3.39t4
Alumina (A1,04) 6 2.97€6 102.0 2.91t4
Silica (S10,) ) 1.55€6 60.1 2.58E4
Aluminum (A1,) 3 6.18E5 53.96 1.15¢4
Titanium (Ti), 4 1.06E6 95.8 1.11E4
Iron (Fep) 3 6.09E5 111.7 5.45€3
Candidates
Boron Nitride (B4,Nsg) 3 9.11€5 24.82 3.67E4
i Silicon Carbide (siC) 4 1.21E6 40.1 3.02¢c4
' Polyethylene (-CHy-) 1 3.48E5 14.0 2.48E4
Carbon Precursor
PAN [CHZ-CH(CN)] 2 6.96E5 51.1 1.36t4
45
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Table 5-6

Estimated Physical Properties of Equimolar TGMDA and DDS
Linear Polymer (see Fig. 5-3)

MONIMER -POLYNER PREDICTION PAPT-1.D M KAELBLE Mw'"’,S.
HOW MaNY MAIN CHAIN UNITSS g
STRUCTURE UNIT NO =2 S
MQLES OF STRUCTJURE UNIT=? 4
STRUCTURE UNIT NO =2 23
MULES OF STRICTURE UnIT=> )
STRUCTURE UNIT NO a?
MOLES OF STRUCTURE UNIT=> S
. STRUCTURE UNIT NO => 13
MULES OF STRUCTURE UNIT=> 2
v STRUCTURE UNIT NO 2% g3
~ MOLES OF STRUCTURE UNIT=> 3
STRUCTJRE UNIT NJ =% 15
MOLES OF STRUCTURE UNIT=® -4
HOW AanY 3102 GROUPS? (NGNE=d/: 3
STRICTURE UNIT N3 s> 1
MOLES OF 3TRUSTJIRE JNiT=>
STRIZTJRE UNIT N9 2 3
MILES OF STRISTURE UNIT:=? 2
STRUSTURE UNIT NJ 2? 23
MOLES OF STRUSTURE INIT=>

2

w

| }. MAIN CHWIN JHITS.
UNIT NO. MOLES STRUCTURE POLYMEP
, , UNIT REFERENCE
) s ‘ ~P-C6H4- TERTPHTHALATE
33 T -S¢c 052 - SULFONE
1 s -CH2- ETHCLENE
18 2 ~CHIOH ;- VINYL ALCOMOL
21 ¢ =NHC(9 »- AMINE
16 -4 ~C(G)- KETINE
T1 SIDE CHAIM UNITS.
1 2 -CH2~ ETHYLENE
; 8 2 -CHCH- 1-4-BUTADTENE
! 20 2 -0- ETHZR
_ GLASS SPEC. vOL (MAMSM/KG )= 8. 332657-04 <2C-Cox 833266
- GLASS C E.D. (J MENEM)=

? . 13963€+83 C(CAL-/:Cr= 173 &322
GLASS TEXN®. (K)= $51.437 (C)H= 273 207

ENTANG. 4Ww. <XG-MO_Eds 4 333%2 CS/7MOLE)>= 4833 %2
U.N. ¥, N 399722 183 8 052€-94¢ 6> 28

TO CONPTINUE TYPE RUN AND PRESS ENTER
READY . '
>
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Table 5-7

Estimated Physical Properties of 2 Moles of TGMDA and
1 Mole of DDS Linear Polymer (see Fig. 5-4)

MONIMER-POLYMER PREDICTION PART-1,0 M . KAELBLE MAY.S:

HOW MANY MAQIM CHAIN UNIT3?> 6

STRJICTURE UNIT NO =2 8

MOLES OF STRUCTURE UNIT=? ¢

STRUCTURE UNIT NO.=? 33

“OLES GF STRUCTURE UNITs? 1

SYRUCTURE UNIT NO.=2 |

M3 _ES OF STRUCTURE UNIT=? 10

STRUCTURE UNIYT NO . =2 19
. MILES OF 3TRUCTURE UNITa" 4

STRUCTURE UNIT NO.»%
MOLES OF STRUCTURE UnIT«> 6
STRUCTYURE UNIT ND.=% 15
WILES OF ZPRUCTUIRE UNIT=? -5
MY MANY SI92 GRIUPS? (NONE=@>> 3
STRUCTURE UNIT NO w3
MO_£S OF STRUCTURS nNIT="> 4
STRJUCTURE UNIT NO.2? 8
MOLES OF STRUCTURE uUNIT=> 4
STRUZTJIRE UNIT NO.=x? 29
MOLES JOF STRUCTURE UNIT2v 4_

1. BAIN CHALH UrITS .
UNIT NO. MOLFS STRUCTURE

POLYME >
UNIT REFERENCE
s -6 ~P-C6H4- TEREPHTHALATE
33 <1 -8ccie)>- SULFONZ
1 10 -CHe- ETHTLENE
18 4 ~CHCOM > - YINYL ALCOHOL
_ 21 &  ~NHCCO)>- AMIDE
; 16 -6 -C(O)- KETONE
11. SIDE CMAIN UNITS:
1 4  -CHe- ETHYLENE
8 . 4 -CHCH- 1-4-BUTADTENE
2o s -0- ETHER
- GLA3S SPEC. VOL.(MENENM/KG)s @ .S9314E-34 (CC-3)x 855314
; GLASS C.E D .CJ MEAtN>e

6 57803E+08 (CAL.CCH= 133 605
GLA3S TEMP. ()= 8@ €73 (C)O= 229 479

ENTANG. M9. (K3/7MOLEd=s S 16313 (3/MOLE)= S1s8 13

U:H. ¥V, X, N 632888 -313 | 3634E-93 | 094 4%

TO CONMTINJE .TYSE RUN AND PRESS ENTER
READY

>.
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Table 5-8

Estimated Physical Properties of TGMOA L{near
Homopolymer (see Fig. 5-5)

MONOMER -POLYMER PRFDICTION PART-1 D W MRELBLE MA“ .3,
HOW MQNY HARIN CAAIN UNITST® O
STRUCTURE UNIT W0 =? §
MOLES OF STRUCTURE UNIT=?
STRUCTURE UNIT NO.2? 1
MOLES DF STRUCTURE UNIT=? 3
STRUCTURE UNIT NO =? 3
MOLES OF ITRUCTURE UNITs=? |
STRUCTURE UNIT NQ.=? 21
MOLES OF STRUCTURE UNITs=?
STRUCTURE UNIT NJ =7 1€
MOLES OF STRJUCTURE UNIT=® -

HOW MANY SIDZ GPOUP3? (NINE=D): 3
STRUCTURE UNIT ~NO =2 2)

NGLES OF STRUCTURE UNITa? o
STRUCTURE UNIT N3 =2

MmOLES OF STRUCTURE UNIT=® ¢
STRUCTURE UANIT NO . =3 &

MOLES OF STRUCTURE UNITe:? 2_

fv

v

1. MAIA CHALN UNITS.
UNIT NO. MOLES STRUCTURE

P OLYMER
UNIT REFEREHCE

s 2 ~P-C6H4 - TEREPHTHALATE
1 H ~CH2- ETHYLINE

C) 1 ~CHCMH- 1-4-BUTARDIENE
g1 2 ~NHCCO )~ AMIDE

16 -2 ~C<0>- KETONE
I1. SIDE CHAIN UNITS: -

20 4 -0~ . ETHER

1 2 -CN2- ETHYLENE

s 2 ~CNCN- - 1~4-BUTADIENS
GLASS SPEC. VOL.(MRMEM/KG)s ©. 4S936E-04 (CC-Gd= 915986

GLAGS C.E O (Jyrvamamd= 3 S2993E+38 (CAL,/CCH= 133 .36
GLARSS TEMP. (K= 4QB 483 (Z)= 125 239

ENTANG. M. (KG/MOLE)Y= S 38042 (G/MOLE>= 5300 42

o4, V.M, N 20049 126 S 174E-04 . ¢22 17

TO CONTINUE TYPE RUN AND PRESS ENTER
READY

>
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Table 5-9

First Estimate of the Physical Properties of Equimolar
1soamyl-Neopentyl Acrylate Copolymer

L~

NONOMER-POLYMER PREDICTINN PART-1.0.H .XKuELBLE MA%v. 81
HOW MANY MAIN CHMAIN UNIT3?? 1
STRUCTURE UNIT NO =7 1
MOLES OF STRUCTURE UNITa? 4
HOW MANY SIDE GROUPS? (NONE=3)- %
STRUCTURE UNIT NG =7 14
MOLES OF STRUCTURE WNIT=? &
STRUCTJYRE UNIT NO.=?
. HOLES OF STRUCTJRE UNIT=> §

" STRUCTURE UNIT nO.=7 2
W0 ES 9F STRUCTURE UNIT=? |
STRYCTURE UNIT NO.=2? 3
MOLES OF 3TRVCTURE JINIT=? 1.

UNIT NO. MOLES STRUCTURE

PULYMER
UNIT RECFRENCE
1 4 -CHe- ETHVLENE
11. SIDE CTHAIN UNITS:
14 e =00~ ETHYLENE ROIPATE
: 1 S ~CH2~- ETHYLENE
‘ ' e 1 ~CH CH3 )~ PRIP /LENE
] 2 1 ~CCCCN3 2D~ iSOBUTYLENE
! SLASS SPEC. WOL (MEMXM/KG )=

9 16437E-084 (CCrGi= . 91€432
6L3SS C.E D. CJU-MxMtMOI= 3 441ISE+B8 (CAL-CCHr= 82 2826
3LA3S TEMP. (K)= 28¢.573 (C)H=-68 6251

ENTHANG. MU. {KG-MOLE)= 34.185 (G /MOLE)>= 3418%
Y.H . V,N.N 90168 3121 3.77BE-04 284 4

TO CONTINMUE TYPZ RUN ANR PRESS ENTER
REQDY

e -

49
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Second Estimate of the Physical Properties of Equimolar

, Isoamyl-Neopentyl Acrylate Copolymer

HOW MANY MAIN CHAIN UNITE?? 2
STRUCTURE UNIT NO =7 1

MOLES QOF STRUCTURE UNITa™ @
STRUCTURE UNIT NO =» 2

MOLES OF STRUCTURE UNIT=? 2

HOJ ManyY SIDE GRAOUPS? (NINE=0)? 4
STRUCTURE UNIT NO =2 e
MOLES OF 3TRUCTURE UNIT=? 2
STRJUCTURE UNIT 30 =7 |
MOLES JF 3TRJUCTURE UNIT=> 2
i STRUCTYURE UNIT HO . =? 2
. MILES OF STRUCTURE UNIT=> t
' STRUCTURE UNIT MO =? 3
MOLES JF STRUCTURE UNIT=z> |

—~e

, I. MHIN CHAIN UNITS:
UNIT NO. MOLES STRUCTURE

GLASS TEMP. (K)=
ENTANG MMW. (KG/MOLE D=
U.H.7.%.N 95208 111

TO CONTINJE TYPE RUN AND PRESS ENTER
READY

- >
|

50
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4

MONOMER-POLYMER PREDICTIUN PART~1.0 H XHELGLE MAY.8)

POLYMER
UNIT REFEREHLE
! 4 ~CHe- ETHYLENE
2 2 ~CH(CH3 )~ PROFYLENE
il SIDE CHAIN UNITS:
14 4 ~C{0>0- ETHYLENE RDIPATE
1 3 -CH2- ETHYLENE
2 H ~CH(CH3)>- PROPYLENE
3 1 ~C(CCH3 2~ I303UTYLE"E
GLASS SPEC. WOL (MAMEM/KGI= I 164275-04 (LCs3)0a 916437
GLASS C.E. 8. (J-MxnxM)=

3 78706€E+28 (CTAL-CCr= 92 51083
249 38 {(C))=-32.8198

34.183 (3/MOLE)>= 34133
3.772c-04 284
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Table 5-11
Relations Between Polymer Chemistry and Physical Properties
Calc. Exp.(le
v, &2 Tg M Me
Polymer
Number Polymer € & w & &y
1 p-dimethyl siloxane 0.81 68.7 163 10.6 12.2
2 p-isobutylene 1.09 62.1 201 8.2 8.0
3 p-cisisoprene 1.05 65.7 201 3.1 3.8
4 p-cis-transbutadiene 1.04 66.7 183 1.7 2.2
5 p-cisbutadiene 1.04 66.7 183 1.7 3.0
6 p-ethylene 1.09 64.2 150 2.1 2.5
7 p-propylene 1.09 87.5 240 4.9 3.5
8 p-styrene 0.88 88.5 384 20.2 17.5
9 p-a-methyl styrene 0.91 90.3 434 25.2 20.4
10 p-ethyleneoxide 0.86 94.5 190 1.5 3.0
11 p-propyleneoxide 0.92 105.9 254 3.5 3.9
12 p-tetramethylene oxide 0.95 81.0 173 1.8 1.3
i 13 p-methylacrylate 0.79 113.3 276 13.6 12.1
14 p-methylmethacrylate 0.83 143.7 380 18.1 15.8
15 p-n-butyimethacrylate 0.91 115.3 285 34.0 30.2
16 p-n-hexylmethacrylate 0.94 105.4 25 46.1 45.9
17 p-n-octylmethacrylate 0.96 98.8 237 59.3 57.0
18 p-2 ethylbutylmethacrylate 0.94 112.2 288 46.1 21.4
19 p-vinylacetate 0.79 125.9 304 13.6 12.3
' 20 - p-vinylalchohol 1.12  148.6 362 5.4 3.8
; 21 p-vinylchloride 0.69 118.4 351 6.9 3.2
22 p-decamethyleneadipate 0.92 78.6 177 2.1 2.2
23 p-decamethylenesebecate 0.95 75.8 172 2.1 2.4
24 p-decamethylenesuccinate 0.90 80.5 181 2.1 2.3
25 p-ethyleneterephthalate 0.72 104.0 348 2.4 1.7
26 p-ethyleneisophthalate 0.72 104.0 348 2.4 1.7
27 p-bisphenol-A-carbonate 0.70 9.4 400 3.5 2.5
28 p-bisphenol-A-diphenyl-
sul fone 0.7 118.4 533 3.6 3.6
29 p-2-methy1-6 phenyl-1,4-
phenylene oxide 0.80 9.0 613 10.3 1.7
30 p-2, 6-dimethyl-1, 4-
phenylene oxide 0.83 93.2 501 4.8 1.7
- k) p-caprolactam 0.91 150.5 321 2.2 2.5
‘ 32 p-propylene sulfide 0.87 93.1 250 5.4 10.0
] 33 p-acrylic acid 0.7 171.8 363 9.6 2.4
1 34 p-acrylonitrile 0.93 136.7 450 6.5 0.65
35 p-tetrafluoroethylene 0.48 47.6 169 12.0 6.6
& 36 p-acrylamide 0.80 220.3 462 9.8 4.6
7 p-phenyleneterephthalamide 0.73 185.5 938 2.7 0.6
38 p-benzamide 0.73 185.5 938 2.7 0.4
39 p-n-hexylisocyanate 0.93 139.2 299 28.8 3.7
40 p-n-butyl{socyanate 0.88 165.5 351 18.6 0.35

| 51
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166660 19 482.6 442 20
58560 24 210.0 182
43420 22 143.6 120
65100 53 148.9 113
25200 27 93.1 74
39240 28 78.6 12
28240 16 71.1 53

4810 8 34.8 50
52680 29 82.3 n
68200 18 126.5 119
68200 18 126.5 119
69240 61 1711 127
60960 45 126.7 99

—
[ ] . -« L] * * - [ ] * [ 2 L]
w w

g
.

Table 5-12 SC5291.7FR
Summed Properties of Functional Groups .
%92 |
-(—-a«r;) Shear Yield J
v H v M N %12 |
Polymer J ce bar (at 293K) !
| Number (-M—OT) (m—) (ﬁgT) (aé-g-) bar ;
1 17200 30 86.2 74 2 9.9 0
2 16040 22 88.8 56 2 7.0 0
3 19780 27 103.6 68 4 7.4 0
4 15770 24 81.4 54 4 8.3 0
5 15770 24 81.4 54 4 8.3 0
6 4140 8 22.2 14 1 10.2 0
7 16940 19 66.6 42 2 8.0 0
8 34240 23 133.0 104 2 4.9 446
9 40740 24 155.0 118 2 5.7 804
15100 22 55.0 44 3 11.3 0
23760 25 17.2 53 3 9.1 0
23380 30 99.4 72 5 11.1 0
32240 K} 97.9 86 2 8.9 0
50140 34 120.1 100 2 8.0 696
62560 58 186.7 142 2 8.8 0 a
70840 74 231.1 170 2 9.1 0
79120 90 275.5 198 2 9.2 0
75360 60 231.1 170 /4 8.4 0
35840 31 97.9 86 2 8.9
30740 22 71.2 44 2 8.7
21640 16 62.9 62.5 2 7.2
86160 136 377.2 284 18 10.2
102720 168 466.0 340 22 10.2
17280 120 332.8 256 16 10.2
60280 45 199.4 192 10 6.4
62280 50 199.4 192 9 7.1
80980 52 287.2 254 12 5.1
4.6
3.3
5.3
0.1
8.2
9.7
6.4
9.9
6.5
4.0
4.0
0.1
8.5

NN =N NWSIOO,
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Table 5-13
Polymerized Silane Chemistry and Surface Propertieslg'zo
Test Liquid W0 | Glycero) | Eth. Glycol| PG E-200 | PG 15-200| P8 1200
iy (dyn/cm) .28 4.0 .3 4.5 %.6 1.3
2, (dyn/cm)!/? 9.34 ) 12.16 10.70 10.62 10.20 9.90
8 /s 1.54 0.%4 0.81 0.74 0.64 0.53 ‘
vevd | vsyP /2
R-Structure Source dyn/cm | dyn/cm Vg /2 (dyn/cu)
HoN(CHp 1 MH{CNy)y.  DC 2-6020 30.0 4.6 7.54 1.21 6.99 6.92
o
CHpeC-C-0-(CHy) 3. D¢ 2-6030 8.4 | 417 9.08 8.03 1.41 7.42 6.21
CHp-CH-CHR0(CH) 3. DC 2-6040 10.2 | 43.6 |13.23 9.69 8.57 8.13 1.2
{catalyzed)
CHp~CH-CH,-0-(CHy)3_  DC 2-6040 17.6 | 25.4 [11.94 9.01 8.29 7.87
(noncatalyzed)
3 ) G-(CHy) 5 DC X2-8-0999 | 36.5 | 3.8 | 9.09| 7.8 1.2 7.90
Wy~ (CHy_ )y U A-1100 17.9 | 19.8 |11.35 7.63 71.76 1.4 .63
NS-(CHp_ )y OC X2-8-0951 | 67.4 0.0 8.06 8.3 8.02
CHy=CH- 28.5 21 | . 6.25 6.35 6.5 6.81 5.90

Analysis of vapor-1iquid-solid fnteractions for polymerized costings of reective silane coupling agents
with structure l-S,(OCu;),.
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Table 5-14 SC5291.7FR
Reactive Silane Monomersl9.20

Reactive Silane

(dimethyl)(dimethoxy)silane - model compound
tetraethoxy silane

(vinyl){triethoxy)silane
(y-chloropropyl)(trimethoxy)silane
(vy-mercaptogropyl)(trimethoxy)silane
(methacryloxypropyl)(trimethoxy)silane
{y-glycidoxypropyl)(trimethoxy)silane

[8-3, 4-epoxycyclohexylethyl)(trimethoxy)silane
(y-aminopropyl)(trimethoxy)silane
(y-aminopropyl)(trimethoxy)silane
N-g-aminoethyl-y-aminopropyl(trimethoxy)silane
(4-styryl-methylene-g-aminoethyl-y-aminopropyl)(trimethoxy)silane
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Table 5-15 SC5291.7FR
Linear Hydroxy Polymers of Reactive Silane Primers

Number

Linear Polymer

41
42
43
44
45
46
47
48
49
50
51
52

(dimethyl)siloxane

(dihydroxy)siloxane

(vinyl)(hydroxy)siloxane

(y-chloropropyl) (hycroxy)siloxane
(y-mercaptogropyl)(hydroxy)siloxane
(methacryloxypropyl)(hydroxy)siloxane
(y-9lycidoxypropyl)(hydroxy)siloxane

(2-3, 4-epoxycyclohexylethyl)(hydroxy)siloxane
(y-aminopropyl){hydroxy)siloxane
(y-aminopropyl) (hydroxy)siloxane
N-g-aminoethyl-y-aminopropyl(hydroxy)siloxane
(4-styryl-methylene-g-aminoethyl-y-aminopropyl) (hydroxy)siloxane

————
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Table 5-16

Summed Values of Monomer Group Properties for Lienar
Hydroxy Polymers of Reactive Silane Primers

SCS529:.7FR

v H v M N
Number J/mole (cc/mole) .
a1 17200 30 86.2 74 2
42 44800 36 95.4 18 2
a3 34350 33 105.6 88 2 :
44 52640 49 153.7 138.5 2 ‘
as 47540 57 161.7 136 2 |
46 66280 72 227.4 188 2
47 64550 77 215.6 176 2
a8 62630 52 242 186 2
49 76360 56 151 119 2
50 76360 56 151 119 2
51 121720 79 211 162 2
52 157150 100 359 278 2

56
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Table 5-17 SC5291.7FR
Calculated Properties of Linear Hydroxy Polymers
of Reactive Silanes at Tg
Vg 82 Tq Mg
Number (cc/g) (cal/cc) (x) (kg/mole)
a1 0.80 69 163 10.6
42 0.84 162 325 12.1
43 0.83 112 276 14.6
44 0.77 118 284 29.4
45 0.82 101 226 29.8
46 0.83 100 246 50.5
47 0.85 103 227 45.8
48 0.90 89 315 51.8
49 0.87 174 354 25.0
50 0.87 174 354 25.0
51 0.90 198 396 41.7
52 0.89 151 404 9.3
57
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Table 5-18

SC5291.7FR

Correlation Between Crosslink Density (¢/M.) and Maximum Network
Extensibility Ap(max) = KiM_/o)!/2

Ty (m/e)}/2

Pol ymer (°C) (cc/more)1/2 Ap(max) K Ref.
Silicone elastomer -123 153 6.85 0.045 28
SBR elastomer -61 113 7.20 0.064 28
Polybutadiene -86 112 5.09 0.045 28
EPR elastomer -55 105 6.85 0.065 28
Butyl elastomer -70 104 6.17 0.059 28
Viton - b elastomer 93 5.19 0.056 28
Butyl elastomer -70 92 7.20 0.078 28
Epoxy thermosett 115 31 1.59 0 051 28
Epoxy thermosett 12 23.2 1.27 0.055 29
Epoxy - polyamide 45 34.6 1.46 0.042 29
Epoxy - polyamide 20 56.4 1.95 0.035 29
Epoxy - polyamide 6 72 2.50 0.035 29
viton - B elastomer 466 19.10 0.041 30
Viton - B elastomer 245 15.5 0.063 30
Yiton - B elastomer 187 12.6 0.067 30
Viton - B elastomer 143 8.9 0.062 30
Viton - B elastomer 128 7.9 0.062 30
Viton - B elastomer 92 5.7 0.062 30
Epoxy - CTBN (50%) -50 52.4 2.78 0.053 3
Epoxy - CTBN (39%) 47.0 2.41 0.051 3
Epoxy - CTBN (29%) 34.6 1.56 0.045 k)|
Epoxy - CTBN (17%) 30.6 1.32 0.044 k)|
Epoxy 100 29.2 1.35 k)|

Ave.
Std. dev.

0.046
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Table 5-19

Correlation Between Entanglement Crosslink Density (o/N ) and Maximum
Craze Extensibility A, = K. « (My/p)1/2

L]

Polywer (gn/:o\e) (Ne/o)l/2 Ae Ke
p-tert.-butylstyrene 4,384 203 7.2 0.035
p-para vinyltoluene 2.5E4 151 4.5 0.030
p-styrene 1.9t4 129 3.8 0.029
p-styrene-maleicanhydride (9 wt?) 1.9¢4 128 4.2 0.033
p-styrene-acrylonitrile (24 wt}) 1.2¢4 103 2.7 0.026
p-methyimethacrylate 9.2t3 87 2.0 0.023
p-styrene-methyImethacrylate (65 wt?) 9.0£3 87 2.0 0.023
p-styrene-acrylonitrile (66 wt%) 6.4E3 76 2.0 0.026
p-2,6 dimethyl-1,4-phenylene oxide (-E) 4.3€3 60 2.6 0.043
p-2,6 dimethyl-1,4-phenylene oxide (-M) 7.4E3 78 2.6 0.033
p-bisphenol-A carbonate 2.5€3 42 2.0 0.048

Ave. = 0,032
Std. Dev. = +0.008
Note: M, and A. data generated by experiments of Donald and Xramer (Ref. 7)
f ahd o 1s calculated from molecular structure.

‘ 59
! CA659A/3bs




R

SC5291.7FR
Table 5-20 2
Correlation of Polymer Cohesive Energy & _Density and Maximum
Tensile Strength (ou)b at 88 to 130K
Calc. Meas.
2 2
Chemical Composition ép (ou)b (cu)blsp
(bar) (bar)
1) Fluorocopolymer
(CZF4)1.0 (C3F6)0.136 1667 980 0.59
2) C,F4 Homopolymer 1735 794 0.46
3) Fluorocopolymer
(CFoCFCY)y o(CFaCHR)g 031 2608 1147 0.44
4) Bisphenol-A Carbonate
(0CgH4C(CH3)2CgHa0C(0)) 4088 1333 0.33
5 Polyethylene Terephthalate 5225 2108 0.40
6 Polyimide
(N(CO)5CgH2(CO2INCgH40CEH, ) 6186 2157 0.35
Average 0.43
Standard dev. ¢ 0.09
60
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Table 5-21 SC5291.7FR

Estimated Cure Path Properties of Equimolar
TGMDA and DDS (see Table 5-6)

Q& aNU 8 COREACTION-MOL. dT. DIST ~THERMAL TRANS -0 A KWELILE-0°T

27:1932 h
IF NONSTOICHIOMETRIC REACTION HAVE MOLES QF B IN EXCES:
MOLES OF TYPE A (MOLE)=> |
TYPE Q FUNTIONALITY(=)>2)m? 4
MOL WY JOF TYPE A (G/7NOLE)=? 248
MOLES OF TYPE 8 (MOLE)>=? |
TYPE B FUNCTIONALITY (2,R)a? 4
40L . WT. OF TYPE B (G MOLE)»=? 422
FRACTION 2F MOLECULES JF FUNCTIONALITY 8=
NUMCER OF 4 ANO B MAIN CHAIN ATOMS (31 A= [} 17
MO WT. BETUEEN ENTANSL_IREATS (G-MOLE»=? 4833
SLA3S COOROINATION WMUMAER (5{2 {18 s> 18

MONIMER AND LINEAR POLYMER LLA3S TEMPERATURES ¢(™i.,T2)> IN DEG
? 269,331

SEL POINT (% & REACTED)Ia 333333
SEL POINT (X 8 RFEACTED = 33 3333

TNITIAL NUM  AVE DEC. OF POLYMERIZQ710N= 2 23383
TG ANALYSE POLYMERIZATION PRESS ENTER?

%29 BRANCH NUM_  AVE  WT AVE GLASS FLOY
YERCTEL  COEF MUCG-NOL) MU(G/MIL) TEMP(K> TEMP(K)
) e 338 338 2c0 267 82%
3 32657 233266> 338 §>> 334 %19 269 369 222 771
€ $%5334 9653334 38c 42 446 .388 279 5% 283 42
9 98891 2998031 418 Se1 $2%.882 292.638 380 015
13 30S” 133267 456 436 631 787 322 S2 212 S35
16 6323 166333 %01 993 279 384  3:5 416 325 23
19 .9& 199% sS> $9 1031 6€ 329 16 341 233
23 28:? 232267 827.92% 1370. 31 344 313 35> 83
26.6:.34 266134 P16 221 2183 35  351.56”7 3I?5 S145
29 94 2994 934.995 4276 .26 330 253 393 27¢
33 2657 .332667 (o091 g23324 488 353 491 121
TO aNALYSE CRIFSLINKING PRE3ZS SNTER> .
%A BRANCH T FR. NUM  AVE  X-LINK " GLASS
REQLTED COEF. . - GEL MUCG/MOL)Y CC/MoL)D TEMP( ¥ >
33 4169 v334169 910092935 1910.87 2 67126E+07 4y 510
34.2996 .34299%6 .109 1066 .83 212041 467 g3
35 2344 352344 208 1139.02 Se>s1 8 415 219
36 43 .36431> .x07 1234.53 23473 1 423 79¢
37.7%%3 377538 26 1382 .97 124139 1 434 764
39 233> .39333> ses 1578 32 2379 28 443 3,7
41 2786 412786 - Sd¢ 1920.%7  46%3 >3 468 049
43.7981 ' 437981 P83 - - 2700.79 3038 J¢ 43% 843
42,3477 . 423477 - ;802 " 6315.3 1387 24 S41 571
$3 312 %3317 ,.9.1 - 3. 3SE+00 1243 I $923 392
98 @87 38032 {1 3 3ISE+Q8 344 395> 222 233
:E:J:EQCfiba 98.887 ' TO COMTINJE TrPE RUN AND PRESS ENTER
. . .
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Table 5-22 SC5291.7FR

Estimated Cure Path Properties of 2 Moles of TGMDA
and 1 Mole of DDS (see Table 5-7)

4 GND B ZOREACTION-MOL. WT. DIST. -THERMAL TRANS -~D.H KHELBLE-OC

27.1382 ‘

1F NONSTOICHIOAETRIC REQCTION HAVE MOLES OF B IN EXACESS
MOLES OF TYPE @ TMOLE > §

TYPE A FUNTIOMALITV(=:2)=7 4

MOL WT.. OF TYPE A (G MI.EX=? 248

MOLES OF TYPE B (MOLE>s? 2

TYPE 8§ FUNCTIONALITY :=>3)s7 4

MIL WT. OF TYPE 3 (G/MOLE)>=? 422

FRACTION OF MOLECJLES OF FUNHCTIONALITY >2=> |

NUMBER OF A AND B MAIN CHAIHN ATOMS (al1.a2)>»=? .{,.?

MOL MT. IETUESH ENTANGCLEMENTS (G-MOLE)=? $1693

GLAa33 ZOORDINATIIN MUMBER (3¢2-18>%? 10

MONDMER AND _INEAR POLYMER GLAS3 TEMPERATUPES “T.,T2) N DEG
2 253,933

SEL POINT % A REACTZU= 86 6657

SEL 9JINT ‘% 8 REA-TED )= 33 3332

NI lal NUM. AVE . OEG  JF POLYMERIZATION= & 6749

"0 ANALYSE POLYIRER.ZA“EION PRESS ENTER?
%A BRANCH NUM  AVE YT av:

GLASS FLO
REA-TED COEF . MUCC."MOL ) MUWCG/7MIOL ) TEMPIY ) TEM> p
<] ] 364 354 259 263 957
€ 535324 .833266 389 %44 417 336 268 £3% er? 1729
12 38s? .9665334 413 871 43% 33 227 262 28& 334
13 96 399389 434 753 S?1 43> 237 242 297 49°
2¢ €134 .. 33882 496 903 638 473 238 3¢ 333 634
33 2662 .66133 543 455 84> 33 335 736 329 . *
339 92 ..938 683 859 1988 37 32z 123 334 2195
46 3074 .23286> 681 383 1438.53 335 4832

343 823
$3 2257 .266.34 78 pe2 2286 o8 349 333 369 142

39 8831 2934 39> 273 4645 22 353 32> 384 175
66 53734 .33866? .882 .63 2426S5° 333 135

475 197
TO ANALYSE CROSSLINKING FRESS ENTER?
XA BRANCH  WT. FR. MUM. AVE X-LINF M¢  GLASS
REAQLTED COEF. GEL MUCG7N0L)> (G/NMOL ) TERP(K )
66.8339 334169 ..0180031 1897.51 2.902315+d7 383 978
68.5993 342996 109 1139.21 230396 388 993
79.9838 332944 208 1237.62 55451 § 395 32
72 0634 1364317 . 39> 1341 36 25511 6 432 332
755111 .377355 .42 1436 39 135139 411 552
78 $67¢ 393337 - 393 1736 31 82083 31 423 35:
82 3553 " 412786  .¢d4 2086 63 3856 €3 439 231
87.8952° ~ A37981 733 2934 39 3293 35 462 172
94 6954 _473877 g9 6861 99 2155 @3 495 231
97 9268 "499632 03348 435168 1735 >3 530 852
X 8 REACTED= 49 $632

READY

.TO CONTINJE TYPE RUN AND PRESS ENTER
. -
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Table 5-23 SC5291.7FR

Estimated Cure Path for TGMDA Homopolywer
(see Table 5-8)

A ANB B COREACTIIOM~MOL 2T DI3T -THERMAL TRANS ~D H KHMELBLE~NCT
1F _NONSTOTCHIONGTRIC REASTIHN HAVE MOLES OF B IN EXCESS

MOLES OF TYpE q (aoLEIa? 1 -

TYPE A FUNTIOMALITYCd>2)m9 4

MOL . WT.”OF T¥PE.A (G NOLEIw? ¢22

MOLES OF YYPE B ¢MOLE )=? |

. TYPE B FUNCTIONALITY (=>2)67 4

MOL. UT. OF TYRE 3 (G/MOLE)=? 422
FRACTION 8F MOLECULES OF FUNCTIONALITY Ye=% |
NUMBER OF A AND B 3AIN CHAIN ATOMS ¢A1,R2)3? 17,17

M0L. WT .- BETWEEY ENTANGLERENTS (G-MOLE)>=? S3@0
GLASS COORDINATION NUMBER <{8<2<13>=7 19

MONOMER AND _INEAR POLYMER GLASS TEMPERATURES (Ti:.T2) IN DEG K=
? 260,492 R

SEL POINT (X & REACTEO)= 33 33312
CEL POINT (% B REACTED)= 33,3333

INIVIAL NUM AVE. .DEC . OF POLYMERIZATION= 4 5:74°
TO ANALYSE PILYMERIZATION PRESS ENTEP?

XA BRANCH NUN. AVE. WT. AVE. GLASS FLOW
REACTED COEF . RUCG /NOL > MYCG/MOL) TEMP(K) TEMPCK )
- 8 422 422 2ce 263 9

3 32667 .0833266”> 4%2 @rs

434 .38 2né 2938 2725 243
6.6532¢ 8663334 486 7275 $62.319 272 824 282 344
9 38031 .9998d801 320 23> 662 455 279 22 283 &4
13.3067 133967 .3573 e3> 795 .83 286 978 297 2?3
16.6333 - -166333 §32 3ss 982 .422 234 521 396 22¢
19 95 1938 202 392 1261 .29 382 531 318 ¢3a
23 gae6? . 2384967 789 oge 1726 13

311.196 323 os”
26.6134 .266138 f’.&.ﬂé‘._ 2s3e 35 320 283 33s5
29 94 1831

832
- 2994 8s 3386.5¢ 329 24> Ja3 6912
83.266> .33266> 1263 96 81 322

339 87> 43> 8352
TO ANALYSE CRUSSLINKIAG PRESS ENTER?

%A BRANMCH  ¥T. FR.  NUM. AVE. X-LINN Mu  GLASS

REACTED  COEF. gEL SRUCGC/MOL) CG-MOL)> TEMP ¥
33 4169 334169  .0106001 1272 38 3 36SE+0” 349 31
34 2996 .34299¢ .19 1343 92 267108 343 2€7
35.2944  .332944 208 1434 83 68970 9 346 €21
36 4317 364317 “ .37 135S 1 29876 31 Q02
37 7338 377338 495 1723 23 15663 S 35€ 3%
39.3337 .39333>  Ses 1978 19 3284 36 333 83
41 2736 41®786 624 2419 33 S862 38 373 8%
43 . 7981 . 437981 .203 3402 19 3824 16 336 431
$7.3477 . 473477 _.e92 795539 2583 @> 40> 36p
$3 31> -.p3317 .99 4 22E+08 1562 S +21 108
%8 93> bees> A 4 22E+B8 €3¢ 46> 530

LY 31
X @ REACTEDs 99.887 TO CONTINUE TYPE RUN AND PRESS SHTER
" REQIY y !

’ - B .
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Table 5-24 $C5291.7FR

Estimated Polymerization Path for Equimolar 1soamyl-Neopentyl
Acrylate Copolymer (see Table 5-9)

A AND B COREACTION-MIL. WT OIST -THERMAL TRANS . -D h.KAELBLE-OCT
27,1388 '

1€ NONSTOICHNIOMETRIC REQCTION HAVE MOLES OF B IN EXCESS

MOLES OF TYPE A (MOLEd =>

TYPE R FUNTIDNALITV(=>2)a? 2

MOL W™ OF TYPE R (G/MOLE »=? 142 ;

MOL_ES OF TYPE B C(MJLE)>=> 1{ !

TYPE 8 FUNCTIONGLITY (=>2)m> 2 i

q0L. MT. UF TYPE 8 (G/MOLE)=? 142

FRACTION OF :MOLECULES OF FUNCTIONALITY >»2=7 @

NUMBER OF A AND B MAIN CHRIN ATONS (Al.AR2)r=? 2.2 1

MOL WT. 3CTUEEN ENTANGLEMENTS (G-/MOLE>=? 34.85

GLASS COORDINAT.ON NUMBER :8<2410)32 1@

AONIMEE QND _INEAQR POLYMER 30LASS TEMPERATURES T1,72) [N DEG F=

> §7%.248

3EL POINT (% A RERCTED )= 109

REL POINT (% B REACTED)= 133

INITIAL nUM  AVE. DES  OF PILYMERIZATIOIN= 1 33373

T3 ANA_YSE POLYNERIZATION PRESS ENTER?

XA BRANCH NUN. AVE WT.  AVE GLRSS FLOW
REACTED COEF . MECG/MOL) MUCG/MNL) TEMP. KD TEMPCK)
] e 14 142 69 79 B49%
9 989081 9 I6006E-33 143 429 144 85> 692 4932 21 337>
g 19 96 03994232 142 §952 133 234 21.0158 22.0%6%
23 94 .089648° 1338 982 169 955 23 2976 26 03586
39 .92 189361 163 919 195 323 27 813 2@ 331
43 95 . 249001 189 . 002 236 13 83 8813 82 17%51¢

53 8821 338362 221 37% 3393 755 92 6765 8¢ 5833
63 8¢€01 488043 2727 .36 412 7234 1935 285 113 733
73 8401 637440 391 663 641 327 126 315 132 2334
83 8291 .80876% 23¢4.83¢ 1327 71 162 234 171 113
93 8001 3962306 339%2.3 23%983.8 237 .548 264 311
$EQCTED' 99.8081 TO CONTINJE TYPE RUN AND PRESS ENTER
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Table 5-25 SC5291.7FR i
Estimated Polymerization Path for Polystyrene

e e e — —

v AND B COREACTION-MOL. WwT OIST.-THERMHL TRANS -0 H FAELBLE-OCT
IF NONSTO:CHID’ET?{C REACTIUN HAVE MOLES OF B IN EXCESS
MO_ES CF YYPE A (MOLE >»»? §
TYPE A FUNTIONALITY(=)2)=a?P 2
MO, . WT. OF TYPE A (G/MOLE)»=? 104
MOLES GF TYPE B8 (MOLE)»>=e? 1
TYPE B FUNCTIQNRLITY (=)2)=? 2
KROL. WT. OF TYPE B (G/ROLE)>=? 104
FRQZTION DF MOLECULES OF FUNCTIONALITY 2=~ @
’ NUMBER OF A AND 8 MAIN CHAIN ATOMS (Al.AR)Y="? 2.2
. MOL MWT. BETWEEN ENTANGLEMENTS (G-MOLE)>=" 28208
t SLASS COJIRDINATION NUMBER (8(2719133? 19

MONJIRER AND LINEAR PILYMER GLASS TEMPERATURES (T1.T7
> 119,334

GEL PJINT (x A REACTED)>= 1082
JEL POINT (x B REACTED) = 109

INITIAL NUR. AVE. OEC. OF POLYMERIZATIONs | 83365
TO ANALYSE POLYMERIZATION PRESS ENTER?

fu
-

.
z
[ )
m
Wt
-

"

4 , < A BRANCH NUM. AVE WMT. ave GLASE FL_OwW
: PEQCTED  COEF. MECC/RIL) MUCC/MOL) TEMP(K)> TEMP K
1 ) 8 104 104 119 111 843
- 9 98221 9.9CO06E-83 105.046 106 093 110 78> 112 €5:
’ 13 .96 .03968402 108 315 112 631 113 219 115 23%
29 94 .9896435 118 241 124 481 117 S12 119 8€3
39.92 . 159361 123.21% 143 431 124 113 126 8¢S

49.9 .243001 138. 452 172 9€3 133 762 13> 0¢
S59.68881 .338262 162 136 220 27! 147 <19 151 82°
65 06081 . 486243 203 142 302 234

158 274 1723 D44
79 84901 .632444 286 632 459 224 a31.222 293 145
83 . 9291 . 506765 538 204 972 498 259 case

2638 095l
. 99 . 8291 . 996066 26030.> 51923 S 380 21?2 49> 733
) % B REACTEDs 39 je0t TO CIONTINUE TYPE RUN AND PRESS ENTER
- READY . .
v S
< L
> e L
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Table 6-1 SC5291.7FR
Chemical Structure and Thermal Transitions of
Six Film Forming Polymers
Thermal
Transition (X)
No. Repeat Unit Structure 1'Y Tg Tc
3

1 {(:F2 - crz] [CF2 - CF } 177 358 555

X 0.14x
2 ‘CFz'CFZ’ 177 400 600

C1
|

3 {CFs - CF] [CF2 - CHZ] 273 323 493

X 0.03x

th
4 [C-O{ }—C —{ )—CJ 176 423 538

I |
‘ 0 CH3
TR
]

5 {O-CHZ-Cﬂz-O-C—C>—C } 243 350 536

0
]
< ¢ 80 53
|
0

T, is an amorphous transition below T, involving local motion of 2-4 atoms.
T9 is the amorphous glass transition vnvolving cooperative motion of

20-40 atoms in chain segments.
T. 1s the crystalline phase melting temperature involving cooperative motion

of the entire polymer molecule.
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Polymer
Properties

Diluent
Properties

Use
Condition

R1

Table 6-2
Input Format for Chemical-Mechanical Property Program
(Upper symbols found in Ref. 1 and lower symbols in Table 6-3)

SC5291.7FR

Polymer or Experiment Name

A0S
Xp l'hp Op (TgAR)P
(g/mol) {mole) (g9/cc) (x)
AA AB AC AD AE
Igp Vgp ap 3 ARp
(cc/mol) (cal/ce)l/? (s
AF AG AH Al A)
Ho Hc He rg )
(g/mol) {g/mol) | (g/mol) (S)
AX AL AM AN AP
"o Xp Ihp o (Tgarlp
{g/mol) {mol) (g/cc) (K)
AQ AR AS AT AU
0
L) Voo %o 6p
(cc/mol) (cal/cc)l/2
AY AM AX AY
(s (s) (x) (x)
BA 8B 8C 80
Cl c2 ok} (o}
68
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Table 6-3 SC5291.7FR
Input Nomenclature for Chemical-Mechanical Program
Row Symbol Meaning
2 A Polymer molecular weight (number ave.)
AB Moles polymer
AC Polymer repeat unit rotational degrees of freedom
AD Polymer density
AE Polymer glass temperature at reference strain
rate AJ
3 AF Total adjacent lattice (Z) sites for glass
{nominally = 10)
AG Polymer glass repeat unit molar volume
M Intermolecular lattice sites in polymer 1iquid
(nominally = 9)
Al Solymer solubility parameter
A Strain (or thermal scan) rate for reference polymer
glass temperature (nominally = 1.0)
4 AKX Polymer repeat unit molecular weight
AL Molecular weight between crosslinks (number ave.)
AM Molecular weight between entanglements (number ave.)
AN Relaxation time at T, (nominally = 1.0)
AP Polymer-diluent integactﬁon parameters
(nominally = 1.0)
5 AQ Diluent molecular weight
AR Moles diluent
) AS Diluent molecular rotational degrees of freedom
; AT Diluent density
AU Diluent glass temperature at reference rate Al
6 AY Total adjacent lattice (Z) sites of diluent
glass (nominally = 10)
A Diluent glass molar volume
AX Intermolecular lattice (q) sites of diluent
11quid {nominally = 9)
AY Diluent solubility parameter
AZ Strain (or therwal scan) rate for diluent reference
glass temperature (nominally = 1.0)
7 BA Mechanical (or thermal scan) strain rate
(nominally = 1.0)
- 88 Constant time for fsochronal stress-strain response
. (nominally = 1.0)
BC Starting temperature for family of stress-strain
curves
BD Temperature increment
BE Number of temperatures
69
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Table 6-4 SC5291.7FR

Nomenclature for Intermedfate Results in

Chemical-Mechanical Program

Symbol Meaning
BF Wood constant in T_ calculation
BG Rate ratio in po1yﬂer Tg calculation
BH Log B8G
BI Polymer T, at rate BA (K)
BJ Polymer Tg change with shear stress (K/bar)
BK Rate ratio in diluent Tg calculation
BL Log BK
BM Diluent Tg at rate BA (K)
BN Diluent Tg change with shear stress (K/bar)
TG T, of polymer-diluent at zero stress (K)
UR Pglymer-diluent Tg change with shear stress (K/bar)
BO Yolume fraction polymer
BQ Yolume fraction diluent
BR Cohesive energy of polymer-diluent solution (cal/cc)
BS Fraction of effective crosslinked segments
8T Fraction of effective entangled segments
BU Glass state shear modulus (bar)
BV Rubber state shear modulus at g (bar)
BX Rubber state shear modulus at tj (bar)
BY Rubber state shear modulus at T (bar)
BZ Crosslink network shear modulus (bar)
SB Brittle shear strength (bar)
TL Logyg (Tm/T )
™ Me\% (or f18w) temperature (K)
NH Fraction Neohookian versus Hookian tensile response
T Current temperature (K)
M Flow shear strength (bar)
SS Current shear strength (bar)
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Table 6-5
Estimated Mechanical Properties of an Acrylate Copolymer

POLYMER -DILUENT=EQUIMOLAR I1SOAMYL-HEOSPENTYL 4CRYLATE
POLYMER PROPERTIES:

RA,AB,AZ,AD.AE= 1 B3E+86 1 121 1 8% 230
AF,AG.AN.RI.AJ= 13 268 35 9 87 1

#K, AL, M, AN, AP= 284 1 BIE+86 34200 1 |
GILUENT PPOPERTIES

AQ,AR,45.9T,3U= 234 B 121 1.83 53

AV, AW, AX.AY,AZ 13 260 9 9.8> |

TEST GONDITIONS:

BR.8B,8C,80,6E= ! { 188 2% 1S

FRACTION NEOWDOKIAN TINSILE Ke3PONGE= ©
PRESS EMTER TO CONTINUE

INTERMEDIATE RESULTS:

8F,B8C0,BH.BI.BJ= 1 1 -3 @30 {14881
SK.BL.BM.BN= 1 ® 53 11423}

TG.UR= 238 114381

€0.8Q0,BR= | 9 82 .2€49

38.87= 8 .933%92

SU.8V,6X,BY. S22 27547.3 855479 .509322 1
SB,TL,TM,NH= 960 491 12 1372 349 262 o
T.SM.8S= (20 £1357 43 BED. 49:

SHEAR A4D TENSIIN ANALYSIS.

INFUT NUMBER OF 3TRESS INCRENENTS? leo

INPHT NUMBER OF STRESS INCREMENTS? 12

w

~
i)
LRV ]
un
®

SHE#P SHEAR SHERR TENSILE TENSILE

MODULUS STRESS STRAIN STRESS STRAIN

(BRF (BAR)> (BRFE »

Q e 2 a

€72542 9 ?71.7076 2 60361E-82 143 413 1.73524E-83
27542 .9 143 415 5.20303E-83 336 23 3 .473¢69E-~63
27%42 9 215 123 7 .BA9B4E-B3 430 245 5.296083%-22
&72%547 .3 28¢ .83 8104121 572 881 ©.94127c~a72
27547 .9 338 .338 .8139151 217 .326 2 €7672E~93
27542 .9 430 .245 .3136181 2359 .431 .9184121
27547 9 591.953 8i182211 1823 .31 .31214724
87547 .9 372 6<1 T .9208241 1147 .32 .31388¢e7?
27547 .5 645 368 8234221 1298 74 -@156181
27542 .9 717 876 .60201 1434 .15 .01723534
C7542 .9 7862 . De3 .eR86332 1522.52 .81s0e88
.7547 9 860 .43 8312362

LMERR FAILURE PROPERTIES:

STRESS(BAR )= 860 491 STRAIN> .B312362 ENERGY /VOL(EAR )=
11 2927

E-MODULUS(BAR)= 23147.9 E~JORK(BAR M= 11 2927
E-STRAIN= . 9312362 F-WYORK(BAR))= B

TENSILE FAILURE PROPERTIES:

STRTZSSIBAR Y= 1836 56 STRAIN= 0204074 ENERGY  VIL(2/4R)De
172 2091

E-MODULUSIBAR =" §2643.7 E-WORK{BAR Y= 17 2091

S-3TRAIN= .0204274 P~WORKS BAR )= @

PRESS ZNTAR TO CONTINUE:.? .




Shear and Tensile Failure Properties of Equimolar Isoamyl-Neopentyl

Table 6-6

SC5291.7FR

Calculated Effects of Isochronal Loading Time t Upon the

Acrylate Linear Polymer (M, = 1.06 E6) at T = 296K with
Hookian Response

Shear Tension

(s) (b3r) LI B P (sah
2€2 9.6 55 243 2.82 5.8 8.19
1€2 52.4 334 8.3t3 7.37 13.2 48.7
1€1 224 1200 1.35E5 19.3 22.2 215
1 461 2156 5.2E5 34.5 25.8 444
1€-2 860 2310 1.13€6 107 15.1 806
1€-4 860 582 3.08E5 278 5.2 814
1€-5 860 186 9.88t4 441 3.2 791
1E -6 860 58 3.1E4 582 1.96 7126
1F-8 860 5.9 3.1E3 1010 0.70 491
1£-10 860 0.58 312 1449 0.18 196
1€-12 860 0.067 32 1664 0.033 35.9
1E-14 860 0.034 13.5 1686 0.020 17.2
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Estimated Effects of Low Moisture (0 - 2 Wt:) on
Cured Epoxy Thermoset

Table 6-7

o

POLYMER-DILUENT=TCMDA/DD8 EFOXY+@% H20
FOLYMER FROPERTIES

AR, ABLAC,AD, pE= 49%382 1 3219 1 16 433
HFLAG.AHLRILAL= 10 343 9 le 6 I

AK, AL, AM, AN, 4P= 1834 1709 5168 | 3
DILUENT PROPERTIES:

AQ,AR,RS,AT.AU= 18 © =23 1 137

AV, AW, AX,AY,AZ= 1D 13 11 23 2 |
TEST CONDITIONS:

BA,EB,.BC.BD.3E= 1 1 3293 23 15
FRACTION NEOHOOKIAN TINSILE RESPONSE= @
PPESS ENTER TO CONTInJE
INTERMEDIATE RESULTS:
6F.BG,BH.B1,BJ= 3. 810832 1 © 483
EX.BL.BN.BN= 1 B8 137 98393688
TG.,UR= 482 158045

BO.BQ.BR= 1 @ 158.7¢

Bi,BT= ,993893% .979119
BU.BV.BX.BY. B2+ 521€3.7 83162 7 9 8124 1 38231 35S 8285
SE,.TL.TM.NH= 1668 63 11 5743 5835.512 @

T,8M,8S= 30@ 1866 S6 1660 €3

SHERR AND TENSION ANALYSIS:

INPUT NUMBER OF STRESS INCREMENTS™ _
POLYMER-DILUENT=TGUDA/ODS EPOXY+2% HcO

POLYMEF PROFERTIES-

AA.AB.AC,.AD,RE= 495@8G 1| 319 1.16 4832

KK, L, RN, AN, AP= 19094 1789 5168 1 32
DILUENY PROPERTIES:

fl, AR, RS, AT, AU 48 5SS 28 1 13?2

. 158045

AV, AW, AX.ARY.AZ= 10 18 11 23.2 |

TEST CONDITIONS:

84.BB,BC,BD,BEs { 1 382 2% 1S

FRACTION NEOHOOKIAN TENSILE RESPONSEx ®
'PRESS EMTER_TO CONTINUE .

INTERMEDIATE RESULTS:

BF,BG.BH,BI,BJe 3.81052 ‘1 © 483 152045

BK,BL,BN,BN="1- @, {32 . B333688
TG,UR= 458.458 .14564.

B80,8Q,BR= 977326 0Q2e674 - 156 . 06%
BS,ET= »89Ip95 978639

i

:nu.gyatx,av,gz- s2261.1 519%8.2 ©.36124 1.2221%

33.2358
SO TL,TM,NH= 1632 .44 11 9936 361.562 0

T,snu$5-,3=%. 1748 06 1632 .44
SHEnR‘:g: NSION ANALYSIS:
INPUTHUMBER OF STRESS INCREMENTS? .
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Table 6-8

Estimated Effects of Medium Moisture (4 - 6 Wti) on
Cured Epoxy Thermoset

POLYMER-DILUENTeTGMDA/DDS EPOXY+4% H20
FOLYMER PROPERTIES:

AR .AB.WC,AD.AE= 49550898 1 219 1| 16 482
~F,RG,.AH, Al.AJ= 1@ 942 9 2 6 1

#k, AL, AM, AN.AP= 1094 1789 51s8 1 .32
UILUENT PROPERTIES:

sG,AR.AS,AT,AU= 18 flBd e ! 127

AY, wW, AX,AY. A2 1 13 11 23

TEST CCNDITIONS:
BER.BEB,BC.BD.BE= 1 1 233 2% iS
FRACTION NEQHOOKIAN TENSILE RESPONSE= @
PRESS ENTER TO CONTINUE

INTERMEDIATE RESULTS: ;
BF.BG,84,B1,6J= 3 81852 i @ 487  15304° ‘
BY.BL,BM,EN= 1 B 137 0393688

TG.Uk= 437.238 142349

RO, BO,BR= 953656 08443425 153 .97~

BS.BT= .9938335 .9761S

BU.BY,B%,BY.B2Z= 51562 € SB80¢ 2 7. 79674 1 15245 30 2=
SB,TL,TM,NH= 1610.82 11.6135 %43 799 &

T.5M.63= 308 1£91 €1 1516.62
SHEAR AND TENSION ANALYSIS:
INPUT NUMBER OF STRESS INCREMENTS? .

‘ POLYMER-DILUENT=TCMDR-0DS EPOXY+6% H2OD

POLYMER PROPERTIES:
RA,4B,RC,AD, kE= 49%898 1 319 1.16 4§83
PF,AG.AH. AT, AJ= 18 933 9 12.6 |
DILUENT PROPERTIES:
“Q, AR, RS.AT.AU= 18 1658 20 1 137
AY. AW, A%, AY,AZ= 1B 18 11 23.2

- TEST CONDITIONS:
FRACTION NEOHOOKIAN TENSILE RESPONSE= @

" PRESS ENTER TO COWTINUE

5 INTERMEDIATE RESULTS:

‘ BF.BG.BH.Bl.b.J= 3.810%2 1 © 483
BK.BL,EBM.BN= | 8 (37 8393668
TG,UR= 418.6314 133961
80,B0,BRa’ 934929 .06%0711 - 1%2.432
8S,BT= .93309%5 977666

BU.BY,BX.BY,B2= 51044.5 .49704 .3 2 30274 1.99137 29.92132
SB,TL,TM,NN= 1394 43 11.6284 9S82 527 ©

\ . . T.6M.,8S= 208 1637.07 1%394.43
SHEGR AND TENSION ANALYSIS:
INPUT_NUMBER OF BSTRESS INCREMENTS? _

. 158045
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Table 6-9

Estimated Effects of High Moisture (8 - 10 Wt%) on
{ Cured Epoxy Thermoset

POLYMER-DILUENT=THDA/NDS EPOXY+8% H20
FOLYMEKR PROPERTIES:

. AR.AB,AC,AD, AE= 495800 1 .319 1 .16 483
! AF.AG,AH.RL,AJ= 18 943 9 12 5 1

' A¥, AL, AN AN, AP= 1054 1789 S163 1 .32
DILUENT PROPERTIES:

AQ.AR.AS,AT,AU= 18 2868 20 1 132

AV, AM.AX,AY,R2= 18 (8 11 23 2 1

TESYT CONDITIONS .

BA.BB.BC.BD.BE= 1 1 386 23 1S
FRACTION NEOHOOQY.IAN TENSILE RESPONSE= 3
PRESS ENTER TD CONMYTINUE

INTERMEDIRTE RESULTS:

BF,BGC,EN.B1,8J= 3.818%2 1 © 48 . 15804°%

BK,EL,BM.BEN= ' 8 132 8393688

TG.URk= 482 166 130319

60.E0.BR= . 91%901 ©84919395 151 . 361
b S.BT= 9953395 .9»718?
= gu,ev,ex,av,az- @685 ; 48649 6.86686 1.8323 27 2858
‘ SE. TL.TM,NH= 1593 23 11 6499 350€.465 ©
; T,SM,SC= 300 1584 3 1983 23

SHEAR AND TENSION ANALYSIS:

i ' INPUT MUMBER OF STRESS TNCREMINTS? _

PIOLYMER-DILUENT=TCMDA-DDS EPOXY+10% H2O0

FPOLYMER PROPERTIES:

AR, AB.AC,AD, AE= 493098 1 219 1.16 483

AF,AG,AH, Al AJ= 18 943 9 12.86 1

AK,AL . AM AN, RP= (094 1789 S168 1 .32

DILUENT PROPERTIES:

AQ. AR AS,AT. ARU= 16 27%2 B2 1t 137

TEST CONDITIONS:

BAR,BB.BC.BOD,RE= } . 1 333 29 13

FRACTION NEOMOOKIAN TENSILE RESPONSE= @
- PRES3 ENTER 7O CONTINUE

IYTERMEDIATE RESULTS:
. 8F.BG,BH,B1.3Js-3.61832 1 B8 483 158045
i BK,BL.BM.BN= 1 @ 137 .9353688
" TGIUR= 387 .534 . 1p538)
; BO.BQ.BR» .8968%7 103943 1%50.711
[ | . BS,BJa 9938385 976697 .

. BU.BV.8X%,BY,02= 30488.4 4&7637.7 €.47946
8B, TL,TH,NHe 1876 .44 11.8512 492.112 @
T,8M,SS5= 300 -1933.21 - 1833.21
SHEAR “ND TENSION ANALYS1S:

INPUT NUMBER OF STRESS INCREMENTS? ..
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Table 6-10

Second Estimated Effects of Low Moisture (0 - 2 Wt%) :
on Cured Epoxy Thermoset

POLYMER-DILUENT=TGRDA-DODS EPOXY+0% HeO
FOLYMER PROPERTIES

AR-ABLHC.AD . RE= 4959000 1 219 1.16 4£32
HF.AG.ARH.Al.AJs 180 943 9 12 € |

AK AL, AM. AN, AP= 10854 7€3 S168 1 .32
DILUENT PROPERYIES:

AQ.AR.AS.AT,AU= 18 B8 28 ¢ 137

AV, AW.RX,AY,A2= 186 18 11 @&3.2 1!

TEST COUNDITIONS

EA.BB,BC.BD.BE~ 1 § 220 48 15
FRACTION NEOHOOVIAN TENSILE RESPONSE= O
FRESS ENTER TO CONTINUE

INTERMEDIATE RESULTS:
EF,BPG.BM,Bl.BJ= % 23473 | © 483 158045
, BK.EFL.BM.BN= § 8 137 92812066
] TG.UR= 483 158045
BO.BG.BFk= 1 @ 158.76
8S,ET= 933095 .979119 ]
BEU.BY,EX.BY,.B2= %3163 > S3163 ? 9 .0124 1 30231 325.8285
SE.TL,TM.NH= 1660.63 11.%743 58%5.517 @
T.SM.SS= 220 8312 74 1668.63
) SHEAR AND TENSION ANALYS1S:
INPUT NUMBER QOF STRESS INCREMENTS? . .

POLYHER- DILUENT’TGMDQ/DDS EPOXY+2% H2O
POLYMER PROPERTIES:
PA.AB-AC,AD.ARE= 495000 1 319 1.16 427
AF.AG.A4H, Al A= 18 943 9 12.6 1
AK . AL, AN, AN.AP= {094 1729 S1¢€8 | .32
DILUENT PROPERTIES:
f2, AR, AS, AT, AU= 1B SS@ 28 t 137
TEST COMDITIONS:
‘ Ba.SB.BC.E0.BE= 1. § 223 48 15
FRA-TION NEOHOOKIAN TEMSILSE RISPONSEx= 2
PRE:S ENTER Tp CONT!NUE

- N
-

LI R T

- . .-

!NTERNEDIQTE RESULTS: :

BF,BG.BH,EI.EJ= $.33473 1 © 483 .158C45
BK.BL.EN.BN= 4. 8 137> .0281206

TG, UR= 449 .543 145519 - :

£0,6@;BR= 977326 _.022674 156.065
-B8,BT=..992D9% - . 978638

BU,BY.8BX,BY. ‘B2= 52261 .1 519853.2 8.19975 1.19854 32.%9239
SB,TL, TN, N{= 1632 44 11 61236 S$53.179 @

T.SM, S5« P26 -2299.59 1632 .44

!
g .BHEAR -AND TeusxonfsuaLvsxs
| : « -IWPUT NUMBER OF $TRESS INCREMENTS? .
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Table 6-11

Second Estimated Effects of Medium Moisture (4 - 6 WtY)
on Cured Epoxy Thermoset

POLYMER-DILUENT=TGMDA,DDS EPOXY+4% HE0

POLYMER PROPERTIES:

AR, B, AC.AD, AE= 4932300 1 219 1 .16 463
AF.AG.AH. AL, AJ= 18 943 3 12 6 1

aK, AL, AN, AN, AP= 1994 1205 351€8 | .32
L ILUENT PROPERTIES:

RQ.AR. RS, AT.AU= 18 1100 26 1 13?7

AV, AM,AX,AY,AZ= 10 18 11 @23.2 1

TEST CONDITIONS:

BR,BB.BC.BD.BE= § 1 2286 49 1S
FRACTION NEOHOOKk IAN TENSILE RESPONSE= @
PRESS ENTER TO CONTINUE

INTERMEDIATE RESULTS.

BF,BG.BH,BI,BJ= 5.33473 1 © 482 1580245

BK,EL.BM.BN= 1 © 137 . 8231206

TG, UR= 422 152 135136

BO,BO.BRa .955638 .0443425 153 979

BS,BT= 993093 .9781% ]
BU,BV.EX,BY,BZ= 51362.6 $0806 3 7 52773 1.11272 &9 913
SB,TL.TH.NH= 1610.62 11 644 526 535 ©

7,8M,SSa 220 P267 23 1510 62

SHEAR AND TENSION ANALYSIS:

INPUT NUMBER OF STRESS INCREMENTS> _

FOLYMER-DILUENT=TGMDA/DDS EPOXY+6% H2O0
POLYMER PROPERTIES:

af,ABL.AC.AD, AE= 495680 1 319 1.16 483
AF.AG.AH, Al AJs 18 942 9 2.6 1
RK,AL.AM,AN.AP= 1894 1789 S168 1 .32
DILUENT. PROPERTIES:

AV. AN, AKX, AY,.R2s 18 18 11 23.2 1

" TEST CONDITIONS:

BA,.BB,BC.BD.BE= 1 1 220 40 15

FRACTION NEOHOOKIAN TENSILE RESPONSE= ©
PRESS ENTER TO $ONTINUE

INTERNEDIATE RESULTS: :
BF.BG.AH,BIsBJn 5.33473 1 @ 481 . 158045
BK.BL,BM,BN® 1 @ 13> 9281206

TG,UR= 399 185 126542

BO,B0.BR= 934929 . @6S8711 152 432
BS,8T= .953095 .977666

BU.BY,BX,BY.B2= S1P44.5 495704.3 6.9624 1.040S
SB,TL,TH,NH= 1594 .43 41.6699 504.193 @
T,8M.3S% 220 2245.84 1554 43

SHEAR AND' TENSION ANALYSIS:

INPUT NUMBER OF STRESS INCREMENTS? _

C e -1

27 .6682
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Table 6-12

Second Estimated Effects of High Mofsture (8 - 10 Wt%) "
on Cured Epoxy Thermoset

FOLYNER-DILUENT=TGMDR-/DDS EPOXY+8% H20
FULYMER PROPERTIES:
RA,AB,ARC, WD, RE= 495888 1 319 1.16 483
, § ' AF, AG. AH, AT, F£J= 10 943 5 12 6 1
: AK AL, AM. AN, AP= 1894 1799 3168 1 32
DILUENT PROPERTIES .
AQ.AK.RS.AT.AU= 18 2200 2C 1 137
AV, AW, AX, AY,.AZ> 10 18 11 23 2 1
TEST CONDITIONS:
BA,BB,5C.BD.BE= 1 1 220 406 1S
FRACTION NEOHOOKIAN TENSILE RESPONSE= 0O

'y

INTERMEDIATE RESULTS:
BF,BGC.BH.61.BJ= 5.33472 1 8 483 158045
TG, UR= 379 %524 .119182
BO.BQ.BR= . 915081 .@84919% 1351 .361
ES.BT= 993898 .977is82
BU.BY.BX.BY,.E2= TREBS 9 48649 6 47592 978544 2
SB,TL.TH.NH= 15683 .23 11.6912 48%.1>9% @
T.SM.SS2 22@ 222% 1983 23
SHEAR AND TENSION ANALYSIS:
} INPUT NUMBER QF - 8TRESS INCREMENTS®

W
J
'
o«
o
*

-

; POLYMER-DILUENT=TGMDA-DDS EPOX''+10% H20
POLYMER PROPERTIES .
AR, AB,AC,AD, AE= 49%Q80 1 319 1.16 483
RF.AG.AH,AT.AJ= 10 943 9 12.6 1
1 AK, AL, AM, AN. AP= 1054 1789 S1¢8 1
: DILUENT PROPERTIES:
RO, AR. RS, AT, AU= 18 8>S 28 1
AV, AU, AX,AY,AZx 18 18 11 23.¢
TEST CONDITIONS:
BA,BB.BC.BD.BE= | 1 220 4@ 15
FRACTION NEOHOOKIAN TENSILE RESPONSE= @
PRESS ENTER TO CONTINUE

.32 |

132
1

égvggngoxnrt RESULTS:
+BG.BH.BI.BJ= $.33473 1 @ 482 158045
BK.BL,BM.BN= | @ 137> _p291206

TG,URe 362.632 .112846
B0,EBQ,BR= .996057 193943

1% .211
BE8.BTw -.993093 .9766%>

BU.BY,BX,BY.B2= B0468.4 4763>.7 6.9631  92555;
SB,TL, T, NH= {576.44 11 7089 468.793 o 240851

T.8M,SS= 2RO 2204.71 1576.44

SHEAR H{ND TENSION ANALYSIS:
INPUT NUMBER OF STREES INCREMENTS ?

-




i ’l Rockwell International

Science Center

‘ SC5291.7FR
Table 6-13

Calculated Mechanical Response of Cured TGMDA/DDS
Epoxy (0 Wtd H,0, T, = 483K, t = 1 s)

9
Shear
' T (K) o (bar) Yp  Ws (bar) Wg (bar) W, (bar) Gp (bar) \(3
' 220 1.66E3 2.24E-2 1.8SEl 1.85E1 0 7.39e4  2.34E-2
260 1.66E3 2.24E-2  1.85E1 1.85E1 0 7.3984 2.34E-2

300 1.66E3 3.22E-2  3.42t1 1.92e1 1.50E1 7.17e4  2.32E-2
340 1.5563 1.31E-1 1.77€2 2.81E1 1.49€2 4.30E4 3.61E-2
380 1.30e3 2.30E-1 2.56E2 4.29€E1 2.13€2 1.97e4  6.59E-2
420 1.053 3.61E-1  3.02E2 7.55E1 2.26E2 7.27E3  1.84E-1
460 7.94E2 5.94E-1  3.25E2 1.46E2 1.78E2 2.15e3  3.70E-1

500 5.41€2 9.27e-1 2.01E2  2.01E2 O 4.67€2 9.27E-1
540 2.88£2 1.08 7.80E1 7.80E1 O 1.3562  1.08
( 580  3.49E1 4.84E-1 7.46 7.46 0 6.36E1 4.84E-1
} 585 0 0 0 0 0 0 0
Tension

T (K) Sy (bar) £p Wy (bar) W (bar) Hp (bar) Eg (bar) g

’ 220 3.27E3  1.47e-2  2.40E1 2.40E1 0 2.2285 1.47E-2
260 3.27E3 1.47E-2  2.40E1 2.40E1 0 2.22E5 1.47E-2
300 3.26E3 1.94E-2  3.89El 2.44E1 1.45E1 2.18E5 1.49t-2
340 2.94E3 5.64E-2 1.40E2 2.56E1 1.14E2 1.69E5 1.74E-2
380 2.37e3  9.66E-2  2.01g2 2.80E1 1.73€2 1.00e5 2.36E-2
420 1.80E3 1.61E-1 2.48€2 4.24E1 2.05e2 3.85E4 4.70t-2
460 1.2563 2.71E-1  2.55€2 8.29t1 1.73€2 9.42E3 1.33E-1

; 500 7.20e2 5.03E-1 1.64E2 1.64€2 0 1.30E3  5.03t-1

i 540 3.53E2 6.30E-1  6.39E1 6.39E1 0 3.22e2  6.30E-1
o7 : 580 5.49E1 2.72E-1 6.76 6.76 0 1.83e2 2.71e-1

P 585 0 0 0 0 0 0 0

i

|
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Table 6-14
Calculated Mechanical Response of 2 Wtl Moisture q
tn Cured Epoxy (Tg = 449.6K, t = 1 s)

Shear

T (K) oy (bar) Yp  Ws (bar) W (bar) W, (bar) Gp (bar) \{3

220 1.63E3 2.23t-2 1.82tl 1.82E1 0 7.26e4  2.24E-2
260 1.63e3 2.23e-2 1.82t1 1.82¢€1 0 7.26E4 2.24E-2
300 1.63e3 8.79E-2 1.21€2 2.26E1 9.03€El 5.8984 2.77E-2
340 1.46E3 1.85E-1 2.29E2 4.24E1 1.87E1 2.53t4 5.79E-2
380 1.19E3  3.43E-1 3.30E2 7.76E1 2.5382 9.1263 1.30E-1
420 9.15e2 3.36E-1 1.90E2 1.18€2 7.18E1 3.56E3 2.57e-1

460 6.40E2 8.26E-1 2.25€2 2.25€2 0 6.61£2 8.26E-1
500 3.65E2 1.18 9,28E1 9.28E1 0 1.34E2 1.18
540 9,051 8.49E-1 2.76E1 2.76E1 0 7.66€1 8.49E-1
; 553 0 0 0 0 0 0 0
\ Tension

T (K) Sy (bar) ep Wy (bar) W (bar) W, (bar) Eg (bar) g

220 3.22E3 1.47E-2  2.36E1 2.36E1 0 2.1865 1.47E-2
260 3.22E3 1.47E-2 2.36El 2.36E1 0 2.18E5 1.47E-2
300 3.15e3 3.69E-2  9.16El 2.46E1 6.70E1 2.02E5 1.56E-2
340 2.71E3  8.29e-2 1.91E2 3.36E1 1.58E2 1.10E5  2.47E-2
380 2,083 1.45E-1 2.54E2 4.71E1 2.08E2 4.59E4 4.53E-2
420 1.53e3 1.95E-1 2.04E2 9.44E1 1.10E2 1.24E4 1.23t-1
460 8.72E2 4.69E-1 2.12€2 1.96€2 1.61E1 1.94E3 4.50€E-1

500 4,272 7.13t-1 8.40E1 8.40E1 0 3.30E2 7.13t-1
540 1,232 4.74E-1 2.30El 2.30E1 0 2.05£2 4.74E-1
553 0 0 0 0 0 0 0
¥
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Table 6-15

Calculated Mechanical Response of 4 Wt Moisture
fn Cured Epoxy (Tg = 422K, t = 1 s)

Shear

T (K) oy (bar) Ty Wg (bar) Wp (bar) Hp {bar) Gg (bar) YE

220 1.61€3 2.24£-2 1.80El 1.80E1 0 7.1764  2.24E-2
260 1.61€3 2.24e-2 1.80E1 1.80E1 0 7.17e4  2.24t£-2
300 1.61€3 1.72¢e-1 2.36€2 4.08€1 1.95¢2 3.1864 5.06E-2
340 1.3863 3.20€-1 3.65k2? 7.75E1 2.87€2 1.23e4 1.12¢-}
380 1.0863 5.21E-1 4.24¢2 1.40€2 2.84E2 4,193 2.59t-1
420 7.88E2 7.41E-1 3.06E2 2.78E2 2.75¢€1 1.12E3  7.06E-1
460 4.92E2 1.15 1.04€2 1.04€2 0 1.5862 1.15
500 1.9662 1.09 5.75¢€1 5.75¢€1 0 9.72e1 1.09 j
527 0 0 0 0 0 4] 0 ;
i
. Tension i

T (K) Sy (bar) €p Wr (bar) Wg (bar) Hp (bar) E¢ (bar) €t

220 3.17e3 1.47e-2 2.33El 2.33t1 0 2.15E5 1.47t-2
| 260 3.17E3  1.47e-2 2.33E1 2.33E1 0 2.15E5 1.47E-2
i 300 2.99E3 7.61E-2  1.95€2 3.26E1 1.63€2 1.37e5 2.18E-2

340 2.4383 1.35e-1 2.84E2 4.43c1 2.40E2 6.6764 3.65t-2
380 1.78e3  2.20E-1  3.14E2 7.61E1 2.38E2 2.07E4 8.57E-2
420 1.1383  3.96E-1 2.85E2 1.62E2 1.23E2 3.94E3 2.87E-1
460 5.77e2  7.04E-1  9.07E1 9.07E1 0 3.66E2 7.04E-1
500 2.39E2 6.39E-1  4.99El 4.99E1 0 2.44E2 6.39E-1 {
527 0 0 0 0 0 0 0
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Table 6-16
Calculated Mechanical Response of 6 Wti Moisture
in Cured Epoxy (Tg = 399K, t = 1s)

Shear

T (K) oy (bar) Yp Wg (bar) W (bar) Wp (bar) Gg (bar) 03
220 1.59€3 2.24E-2 1.78tl 1.78€1 0 7.09E4 2.24t-2
260 1.59e3 3.32£-2 3.28tl 1.85E1 1.44E1 6.88t4 2.32t-2
300 1.59e3 1.15€-1 1.34€2 4.85E1 8.57¢tl 2.6264 6.08t-2
340 1.30E3 4.35E-1 4.45F2 1.20E2 3.25¢€2 7.04E3  1.B4E-1
380 9.81€2 6.71E-1  4.33F2 2.26E2 2.06E2 2.13E3 4.61E-1
420 6.65e2 1.02 2.11E2 2.11€2 0 4.04E2 1.02
460 3.49t2 1.13 6.77¢1 6.77€1 0 1.07¢2  1.13
500 3.31E1 5.56E-1 7.89 7.89 0 5.11£1  5.56E-1
504 0 0 0 0 0 0 0

Tension

T (K) s, (bar) £p Wy (bar) W (bar) Wo (bar) Eg (bar)
220 3.1463 1.47E-2 2.30f1 2.30E1 0 2.13E5
260 3.13E3 1.94E-2 3.74k1 2.34E1 1.40E1 2.09€S
300 2.98E3 7.17€-2  1.65E2 4.89c1 1.15€2 9.06E4

‘ 340 2.20E3 1.81E-1 3.31€2 6.60E1 2.64E2 3.66E4
380 1.50e3 3.06E-1  3.32€2 1.28E2 2.03E2 8.80E3
420 8.29E2 6.05E-1 2.05€2 2.06E2 0 1.12e3
460 4,032 7.35E-1 8.15¢E1 8.15E1 0 3.02e2
500 5.06E1 3.09e-1 6.96 6.96 0 1.46E2
504 0 0 0 0 0 0
. 82
[ C4659A/3bs




————_'—'_——““
Y —

Science Center

SC5291.7FR

Table 6-17
Calculated Mechanical Response of 8 Wt: Moisture
fn Cured Epoxy (Tg = 380K, t =1 s)

Shear

T (K) o (bar) Yp Mg (bar) W (bar) W, (bar) Gg (bar) YE

220 1.5863 2.24E-2 1.77¢1 1.77€1 0 T.04E4 2.24E-2
260 1.58E3 7.64E-2  9.99El 2.11E1 7.88E1 5.94E4 2.66E-2
300 1.55E3  3.49E-1  4.42¢2 1.01€2 3.41E2 1.20e4  1.30E-1
340 1.22E3 3.79e-1  3.21E2 1.40E2 1.81€2 5.3263 2.29t-1

380 8.82E2 4.59E-1 1.56E2 1.56E2 0 1.4863  4,59E-1
420 5.47e2 1.19 8.62E1 8.62E1 0 1.2282 1.19
460 2.11E2 1.14 5.80E1 5.80E1 0 9.00E1 1.14
485 0 0 0 0 0 0 0

1 Tension

=

T (K) S, (bar) ep Wy (bar) W (bar) Wy (bar) Ep (bar) €|

220 3.1283 1.47E-2  2.29El 2.29€1 0 2.11E5 1.47E-2
260 3.06E3 3.42E-2 8.09El 2.37€1 5.72E1 1.9865 1.55E-2
300 2.71E3  1.45E-1  3.33g2 5.99E1 2.74€2 6.15E4  4.41E-2

| 340  2.05€3 1.88E-1 2.8462  1.01€2  1.8262  2.07€4  9.89E-2

| 380  1.3863 2.81E-1 1.70£2  1.70e2 O 4.2983  2.81E-1

‘ 420  6.14E2 7.81E-1 1.0862 1.08€2 O 3.5262  7.81E-1
460  2.5262 6.76E-1 5.09E1  5.091 O 2.23E2  6.76E-1
485 0 0 0 0 0 0 0

|
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Table 6-18 »
Calculated Mechanical Response of 10 Wt3 Moisture
in Cured Epoxy (Tg = 363K, t =1 s)

Shear

T (K) o, (bar) Yp Wg (oar) Wg (bar) Hp {bar) Gg (bar) \3

b

220 1.5863 2.24E-2 1.76E1 1.76¢E1 0 7.01E4  2.24E-2
260 1.5863 1.02e-1 1.33E2 2.85E1 1.05E2 4.37e4  3.61E-2
300 1.50E3  4.33E-1 5.11E2 1.37€2 3.74E2 8.16E3 1.83E-1
340 1.14E3  6.78E-1  5.14E2 2.60E2 2.54E2 2.51E3  4.55E-1

380 7.87E2 1.05 2.98E2 2.98E2 0 5.3862 1.05

420 4.32e2 1.24 8.89t1 8.89E1 0 1.162 1.24

460 7.7981  9.04t-1 2.41¢E1 2.41E1 0 5.89€1 9.04E-1

468 0 0 0 0 0 0 0
Tension

T (K} S, (bar) €h

x

7 (bar) W (bar) W, (bar) Eg (bar) g

220 3.11E3  1.478-2 2.28tl 2.28E1 0 2.10ES 1.47t-2
260 3.05e3 4.92e-2 1.192 2.93E1 8.94E1 1.54ES  1.95E-2
300 2.54E3 1.79t-1  3.79E2 7.62E1 3.03t2 4.2284 6.01E-2
340 1.74E3  3.15E-1  4.10€2 1.36E2 2.74€2 1.10e4 1,57E-1
380 9.93e2 5.85e-1 2.48t2 2.48€2 0 1.45e3  5.85E-1

420 4.87e2 7.74E-1 8,53El 8.53t1 0 2.84E2 7.74E-1
460 1.03e2 5.08e-1 2.01El 2.01E1 0 1.5682 5.09¢-1
468 0 0 0 0 0 0 0
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Table 6-19

‘l‘ Rockw:lul.?.t'emational

Relations Between English and SI Units in The Composite
Fracture Energy and Strength Model

—

L

Input Variable

English Units

SI Units

D, v
E, S
G, L
Y, YY
LB, LF

Output (1)
Inter-fiber Spacing

Shear Stress Conc.
Max. F-M Bond St.
F-M Debond Length
Inter. Shear St.
Comp. Tens. Mod.
Comp. Tens. St.
Crit. Crack Length

Output (2)

Uriflawed St. (min)
Unflawed St. (max)
Crit. Stress Int (min)
Crit. Stress Int (max)

OQutput (3)
F-M Bond Stress

Fiber (Wpy/A)
Matrix (qu/A)
Frict. (Wgp/A)
Tot. (W,/A)

Crit. Length (L)

2E-4 in, 0.5

1E7 psi, 4E5 psi
SE5 psi, S5E3 psi
1E6 psi, 1E4 psi
SE3 psi, 5E2 psi

(1“-) = 1.7E-4

(in.)"1 = 4360
(psi) = 8.7€5
(in.) = 3.7e-3
(psi) = 5000
(psi) = 5.5E6
(psi) = 1.04E5
(in.) = 7.5E-3

(psi) = 6.11E4

(psf) = 1.76E4
(1b2/in.3)1/2 = 9406
(162/4n.3)1/2 = 2,764

(psi) = 5000

(1b/in.) = 1.67
(1b/in.) = 14.4
(1b/in.) = 118
(1b/in.) = 134
(in.) = 7.54E-3

5.08£-6m, 0.5

6.89E10 N/mZ, 2.76E9N/m?

3.44E9N/m?, 3.44E7N/m?
6.89E9N/m2, 6.89E7N/m?
3.44E7N/m?, 3.44E6N/m?

(m) = 4.30E-6
(m-! = 1.71€5
(N/mZ) = 6.01E8
(m) = 9.61E-4
(N/md) = 3.44€7
(N/m2) = 3.7%10
(N/m2) = 7.18E8
(m) = 1.92€-3

(N/m?) = 4.2€8
(N/md) = 1.22€9
(N2/m3)1/2 = 32787
(N2/m3)1/2 = 9,477

(N/m2) = 3.44€7
(N/m) = 2.95€3
(N/m) = 2.53g4
(N/m) = 2.08E5
(N/m) = 2.36E5
(m) = 1.92€-3
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Table 6-20

First Estimate of Composite Fracture Energy and Strength
F. ‘ (English Units, LB = 5000 psi, LF = 500 psi)

FIBER DIAMETER(DJ, VOLUME FRACTION(V)= 2E-04 .5

FIBER TENSILE MDDULYSCE)., STRENGTH(S)>= 1E+07 400000

) "MATRIX SHEAR -MODULUSCG), STRENGTH(L )= 5828023 %5000
MATRIX TENSILECY), STRENGTH(YY)= 1E+@06 10200

] F~M BOND STRENGTH(LB)>. FRICT. STRENGTH(LF)= S6u8 589

INTER-FIBER SPACING(R1)= 1 63212E-04

SHEAR STRESS CONC.(#)>= 4388.29

MAX. F-M BOND STRENGTHILM)= B?225.7

F-M DEBOND LENGTH(BL )= . 8377356

INTERLAM. SHEAR STRENGTH(IL>= 5208

; : COMPOSITE TENSILE MODULUSs 5.55+86

i : COMPOSITE CONTINUUM TENSILE STRENGTH= 184055
CRITICAL CRACK LENCTH= 754131

TO CONTINUE PRESS ENTER? .

e on ot

. e o = st
e

: FRACTURE MECHANICS ANALYSIS
J UNFLAWED STRENGTM (MIN.)>= 61114.4 (Ma¥. 1= {76749 ;
{ CRIT. STRESS INTENSITY (MIN. D)= 29746.9 (MAX.)>= 8:&03:.3 ¢
FLAY SIZE ~ CRACK LENGTH MIN. STRENGTH  MAX STREHGTH
.8753959 . 4.71332E-03 €1121.3 176769
.9752844 - 9.42664E-83 6116€.6 17690
: 8745263 818853, 61472.8 177786 .
4 .8709825 8377065 62992 .8 182182
.8754131 - .87234131 61114 4 12687249
. 150801 .150826 43218 1249%:
.381652 281652 30557 & 88374 .6
.6833a4 603304 216a>. & 62490 .3
1.20661 1.20661 15278 .6 44187 3
2.41322 2.41322 10802 .6 31245.2
TO CONTINUE PRESS ENTER? . ) .
. FRUCTURE WORK FER UNIT CROSSECTION AREA
: F-M BOND FIBER:-. -MATRIX FRICT. TOTAL CRIT.FIBER
c ‘STRESS . . WORK - WORK WORK WORK LENGTH ]
£ 8668 . 16.7585. 144.13% 1184.82 1345.71 875413t
§ PRESS ENTER. TG‘CONTINU£° '
: 12,2778 .~ 1333.32  1351.11 .88
- : : 9599 %3 (¥gans ess 374  10%3.5 1322.67  .er11111
e ; 193791 13.@872 - 439985 ©06.584 1281.32  esl2pel
v 29068.6 11.8519 . 592,593 %9&.552 1197.84 . 0QSIIII3I
. P 36738.1  9.876%4 . 658.436 .-411.323 1679.84  .0444444
. . 48442.8 '7,90124 . €%6.436 £63.375 929.712  .0355556
1 - 58137.2 5.92592 . 592.393 148.148 246.667  .02666€7
o ' 26.7 3.95062° -460.905 §5.843¢ 530.7 .@177778 .
77516.2  :1:97531 863:374 16.4605 281.811 6 28889E-03
. -85205.7 © 8 8 X e
PRESS. ENTER ro CONTINUE? . . - -
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Table 6-21

second Estimate of Composite Fracture Energy and Strength
(Eng11sh Units, LB = 5000 psi LF = 5000 psi)

i Rt E I PN . . EE
. _.;iv’ '~4— " cos —c. L e )
A— R « : A

,-,_. B S Ay .

ﬁné‘#ﬁawabn<v>- PE-B4 .5

FIBER TENSILE MODULUSCE), STRENGTHC(S )= 1E+87 406000

MATRIX SHEAR WBDULUS(G ), STRENGTH(L )= S0000® 35000

MATRIX TENSILEC Y3, STRENGTH(YY)s 1E+86 10000
F-#- BDND BTSENG%H(LB)a FR!CT SIRENGTH(LF)- 5080 S600

- :NTER-F!SE& Gﬁhc G(Rl)t 1 592122 24

SHEAR STRESS CONC (A= 4350.29
MAX. F~M BOND STRENGTH(LM)x 87885.7
F-M DEBOND LENGTH(BL)Y= 3.770866E-03
INTERLAM. SMEAR STRENGTHC ILD= 5000
conposxre~zsnstsvhonuLuSs 3 .8€E+06
COMPOSITE INUUH TENSILE STRENGTH= :a4oss
CRITICAL K-LENGTN= 7:S4131E-03 .
TO court&ot ﬁg;SS'gﬂygg? =

e - — -

FRQCTURE MECHGNICS nNRLYS’S
UNFLAVED STRENGTH (MIN.O>= 611i4.4 (HAX »= 175749
CRIT. STRESS INTENSITY (MIN. )= 9406 81 (MaX .= 2720e5.5
FLAW S12E . ORACK .LENGTH ‘MIN  STRENGTH

MAY . STRENGTH
7 53959E-03 . 4 7{IIRE-R4 = ‘61i21 4 176772
7. S2844E~83 - 9.42664E-D4 61166 6 176902
7.45363E~83 -1.88532E-93 61472 © 177786
?.09825E-~03 3. P7B6SE-83 - 62992 8 182182
7.541315-83, 7.54131E-03 61.14 4 176749
0150801 . 815082¢ 43218 124991
.0301652 _ - @3016%2 30557 2 88374 .7
.8603384 . 8603304 . 21687 2 62493.4
.120661 = ;1206861 .. 185278 6 44187 .4

.241322 - . “24 322+ .- 10803 6 31245.2

T0 CONTINUE® Pness EN?ER? o :

s

, FRQC?URE UORK RER. QNIT CROGSECTION ARER
F-Mm BOND FIBER -

- MATRIX '~ FRICT. TOTAL CRIT.FIBER
STRESS =~ UORK . WORK UORK WORK LENGTH
5000 1.6258% - 14, 4129 ©118.482 134.371 7 .54131E-03
PRESS ENTER' TO couvxﬂuq1 .
1.772778 8" 133.333  135.111 ©E-03
>9sas 53 1.3802% .. 26.3375 10%.35 133.267 7.11111E-03
19379, i"1*3927e ;461asas ‘80 .6584 128.132 € .22222E-03
29068.6 -1.18%19 59.2%93 55.2%93 119.784 5.33333E-032
38758.1 .387654 65,6436  41.1%23  107.984  4.44444E~-03
484476 .790124 68.8436 26.3375 92.9712 3.55556E-03
S8137.2° .592393 '995.2%592 - 14.8148 74 .6667 2.66667E-03
67826.7 ;395062 - 46.0903 - 6.56437 S3.07 1.77778E-03
”s816.2 199531w- 2€.3374 1.6460% 28.1811 §.868889E-04
87205 72 B ‘8 e e e
PRESS anren T0- CﬁNTiNUE? - -
87
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Table 6-22

Relations Between English and SI Units in the Peel
Mechanics Model

Input variable English Units S1 Units
H, A 1€-3 in., 8E-3 in. 2.54E-5m, 2.03E-4m
8, E 1.0 in., 1E4 psi 2.54E-2m, 6.89E7 N/m2
Y, SA 54 psi, 264 psi 3.45E8m, 1.38E8N/m?
G, LA 1.6764 psi, 6.67E3 psi  1.15E8N/mZ, 4.60E7 N/m?
Output (1)

(in."}) = 6.95E2
(in.71) = 3,23e2

(m~1) = 2,74e84
(m~1) = 1.27e4

Cleavage Stress Conc.
Shear Stress Conc.

180 Deg. Radius of Curv.

(1"0) = 3022E"4

(m) = 8.209e-6

0 Deg. Peel Force (1b) = 20.6 (N) = 91.8

180 Deg. Peel Force (1b) = 16.0 (N) = 1.2
Output (2)

Peel Angle (deg) = 177.9 (deg) = 177.9
Peel Work (1b/1n.) = 35.2 (N/m) = 6.16E3
Peel Force (1b) = 14.8 (N) = 65.8

K .963 .963

Tensile Stress (psi) = 2€4 (N/m?) = 1.38E8
Shear Stress (psf) = -4.79E3 (N/m2) = -3.30€7

88

C4659A/3bs




l‘ Rockwell Intemational

Science Center
SC5291.7FR

e 2.23 nd Sh Properties
! ) First Estimate of Laminate Peel & ear
‘ : (Flexible Adherend Tensile Modulus = 1E4 psi, Enggish Units)

RIBBON HALF THICKNESS(H>, ADHESIVE THICKNESSCA)? 001, 208
BOND WIDTH(B)>, RIBBON - TENSILE MODULUSCE>? 1;g€
ADHESIVE TENSILE MODULUSCY),STRENGTHC(SA>? SE4,2E4
ADHESIVE SHEAR - MOBULUB(G),STRENGTH(LA)? 1.67E4.6. 6?E3
CLEAYAGE STRESS CONC.KBRI='635.789
SHEAR -STRESS .CONC.(GRYs 323.071 ~
v ‘182 DBEG.- RAD. -OF -CURV.{R)>= 3, za?qss -1
@ GEG. ‘PSEL FORCEC(®S )= 20.6456
i . 18D DEG .- PEEL FORCE(PCI= 16

. PEEL .. - PEEL = - - "PEEL K TENSILE  SHEAR
{ .' [ANGLE: ,f;:ﬂOSK;i"-€'08CE . ©  STRESS  STRESS
. . 177 943‘ T3SAP68 14,8403 962936 - RBOOG ~4791 .35
) N 147.942 17:0924 B.31%7% .692882 a0enn ~2875.95
, : - 137 944  11.5%70 - 7 92893  .S557962  290n ~1064.12
; ~87.9443 - 8.67872 [17.53096 476341 20008 87.2691
, , 77.9462 8.86533 -8.11386 .44785%2 20800 547 412
. 67.9481 © 7.6€5196 ° 9.005354  .4i9243 20008 1892 .33

. $72.95 . -7.53574 18.35 . .389619 20008 17274 .4
42.9519° .2.96186 12 424. _® 358076 20009 2683 .27
; , 32.9538 . 9.%%6R2. . 13 et:s‘ 323888 20000 4023 42
L T 22.9%42 ,11 .4109 7 18 3874 ; .304058  2e0dVe 4984 .65
- v, @7.9%487 T14.8422 21,9796 -.283037 26008 6272 .44

22955 7 14:3437 - 22 4215 279933 16881.5 6670

SR 9553,»-12.0320_«?81.?033 - 288239  12948.7 6670

r S 12.9537 - 14.7999 -1 1855 291979 9210.26 6670

* 7.9561 . . 11.9648 2@ 3462 .282674 3598.38 6670

! ’:‘;{“;\hg‘» Sk tEEwls LT 3
: sy - - .&; § - .

.. -~ .
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; i Table 6-24
- ; Second Estimate of Laminate Peel and Shear Properties
a8 (Flexible Adherend Tensile Modulus = S5E4 psi, English Units)
|
RIBBON MALF THICKNESSI M), ADHESIVE THICKAES3C(#)? _.001, 2308
. BOND WIDTH(B), RIBBON  TENSILE MOOULJSCEY? 1,3E4.
ADHESIVE TENSILE MOPULUSIY), QTRENGTH\SG)° SE£4. 2E4
ADHESIVE SHEAR MDDULUSLG >, STRENGTH{LA)? 1.€67E4.6 37E1
CLEAVAGE STRESS CONC.C(BA)= 485.303
; ‘ SHEAR STRESS CONC.CGR)= 144 482
‘ ‘ 182 DEG. RAD., OF CURV. tRy= 7 R16BBE-4
, 8 DEG. PEEL: FORCE(Ps)a %€ . 165
' X 1680 DEG. -PEEL-FORCE(PC)I= 16
{ PEEL .PEEL -  PEEL K PENSILE  SHIAR
AMGLE  ~WORK . FDRCE 8TRISS  BTRESS
177.943 - - 31.5538 -15.&2033 . 974606 23902 -219-~ 80
; , 147 .942 16.2844 . ' 5.89172 7587018 2000a -12' ®:
| 117 .95434 123668 8.833%8k% .6368 23008 ~59%8 .
B 87.95443 8.9417¢6 3.81831 . 343725 23002 50 . 35
?7.9462 9 B2195 -10.682¢ 2313914 20080 322 30
67;9481’ 8.19748 '11.8%768 .483483 22082 649 68"
- 572.9% . 45203 --$3.5081 . . 451604 20002 1065 1.
' 42.9519"-°6.99257 " 16.8666 .417214 208000 1632 14
- 37.9538 - 6.94726 21,7975 378250 20000 2422 ©°
-.32.9542 . 7.38312 2%5.3918 . 357328 20000 30”73 33
-~ 272.9546 B.22931 _ 30.3¢57 - .33373¢ 20800 3189335
- 22 95% _18.307 -  38.1692 . 387336 200821 5072 0.

| 17,9353 14,1361 ¢8.3277  .280839 153%4.7  &£62@
i 12.9557 = 12.4862 - 47.371S  .282006 13765 4 6670
| 7.9361  $1.3131 46.5142  .BB2736 8377 6672
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Table 6-25

Third Estimate of Laminate Peel and Shear Properties
(Flexible Adherend Tensile Modulus = 2.5E5 psf, English Units)

RIBBON HALF THICKNESS(M), ADMESIVE THICKNESSC(A 1..003

[BOND WIOTH(B ), RIBBON TENSILE MODULUSCE>? 1.2 .5ES.)

ADNESIVE TENSILE MODULUSCY), STRENGTHCSAY? SE4.BEA
ABHESIVE SHEAR .MODULUS(G >, STRENGTHILAD? 1.€7E4,6.67E3
CLEAYAGE STRESS CONMC.(BA>x 211.16€

SHEAR STRESS CONC.(GA)m €4.€142

180 DEG. RAD. OF CURV.(R>= 1 61374E-23

8 OEG. PEEL FORCE(PS)~ 123,228

180 DEGC. PEEL FORCEC(PC) = 16

PEEL - PEEL -PEEL K TENSILE  SHEAR

ANGLE NORK __FORCE ) STRESS STRESS
122.943 31 .1472 13.4%91  .98e’33 28084 ~998. 235
142,943 21 .8076 11.408% .811585 2aQ0a ~624 .753
117.544  15.9532  10.7849  .293%537 20900 ~-326.554
87.9443 12 1653 12.4%6%9 .612631° 20000 28.8703
772.9462 11 @442 13.7214  .53245)1 20800 185 146
67.9481 9.96251 1%5.%635 551142 2peea 377 .5%6
357.8% . 8.91483 -18.82822 .517826 Ro0ed €26 859
47.9519 7 91209 22.4474 481313 2eoen 971 .426
372.9338 7.04725 29.2785 .439334 20200 1491 .29
32.9542 6.73657 3¢4.4882 .416371 200200 1869 .45
27.9546 6.62322 41,9936 .392373 20000 2385 .3>
B2.955 6 %4244 T 82.6%62 - .360972 zacen 3132.91
17.9553 8. 34284 79.178 326816 £3L0BQ 4313 .65
12.9357 13.8984 . 192.423 .28544% 20000 €449 .67

2.9%61 11 8676 _184.232  .282823 12323.8 6678
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R = Reljability

Failure
. Rate = Nt) " e‘f otMt)dt
{ Break
in
. Period Chance failure Wear out ot
time ()
Fig. 1-1 Failure rate criteria for reliability.
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o0X) = Allowable Stress Dist.
o(x) = Applied Stress Dist.

4 o(x) J R = Reliability
> ~ . y
2 AW - foba foixiax]ex
ég KN s
> S~ Allowable
:_‘—:.; Applied Stress Distribution Stress
3 (High Side Tail)
- Low Side
I Tail
I ' N
A A
olx) | I\ ! Q‘
[l A
Rz
Xx—= Stress (x X)
dx  Detail A
Fig. 1-2 Applied and allowable stress distribution analysis of

reliability.
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Statistical
Correlation

Predicted
Macroscopic Reliability

Environmental

Molecular
Process

Fig. 1-5 Preferred dual path for correlating environmental aging
with macroscopic strength.
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Zg:'y‘&?ite Surface Polymer.
Reliability Energetics Synthesis
| NDE - Reliability Surface Chemical
Analysis Chemistry Spectroscopy
T
|
’g‘ ]
B Degradation Surface Molecular Wt.
| Mechanisms Morphology Spectroscopy
Environmental Surface Mechanical
Aging Roughness Spectroscopy
Ed Fig. 1-6 Technical approach to polymer composite reliability.
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- Fig. 1-7 Calculated function of M, and Ry for M = 20,000 kg/cw,
PEa M. = 2.0 kg/cm2, T = 100's, R, = 0, 14, = 104 s, m = 1.0,
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(a) The temperature and composition dependence of the tensile

strength for a rubber modified epoxy.

(b) The stress dependence of the survival probability for
rubber modified epoxy at -150°C and 100°C.
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Fig. 1-13 Rheovibron thermal scans for flexural damping fn cured
uniaxial reinforced graphite-epoxy composite in the wet-
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Fig. 1-14  Cumulative distribution function of survival probability.
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Fig. 1-15  Dispersion (a) and polar (g) components of the so1id-vagor
surface tension Yﬁv = a2 + 82 for HT424 primer (Phase 1
e

X and Al 2024-T3 adherend (Phase 3).
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curve) and 1ap shear bond strength o, (lower curve) at
varied SET.
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Fig. 1-21 Comparison of Weibull shear strength distributions for aluminum

(upper view) and titanfum (lower view) adherends.
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Fig. 1-22 Chemical analysis flow chart.
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Fig. 2-6 Conversion of measured stress-strain to elastic-plastic
analog (1) and introduction into fracture mechanics (I1) and
stress analysis (111) predictive models.
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Fig. 6-1 Tensile response of C2F, homopolymer (lower view) and
(C2Fu)) .0 (CaFg)o,1u copolymer (upper view) films.
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Fig. 6-2 Tensile response of (CF2CFCL)y,0 (CF2CH2)0,03 copolymer
(ugper view) and polybisphenol-A carbonate (lower view)
films.
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Fig. 6-5 Calculated shear stress vs strain response for equimolar

isoamyl-neopentyl acrylate copolymer (M, = 1.03E6 g/mol,
Tg = 230K).
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